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XXXIV. — Porphyroxine. 

By JiTENDRA Nath Rakshit. 

I'hb etKereal extract obtained in the estimation of Jnorphine in 
opium by the process described by the author (A nahjst, 1918, 42 , 
320) left a viscid, brown, crystalline residue on evaporation-, which 
when dissolved in dilute acid always gave a solution, becoming 
more and more purple on stirring or heating. Previous authors 
do not agree regarding the composition of this colouring matter; 
Merck, in 1837, prepared from opium a substance containing its 
colouring matter, and called it porphyroxine; Hesse remarked 
(Annalen, 1870, 163 , 47) that the substance prepared by the 
former investigator was a mixture of several alkaloids, one of which 
is meconidine and another probably rhosadine. The same author 
[Amalerij Suppl., 1864—1865, 4 , 50) noted that Merck's porphyr- 
xine agrees with rhoeadine in method of preparation, properties, 
nd composition. It was thought desirable to investigate whether 
here is any alkaloid that may be correctly called porphyroxine in 
ndian opium. The alkaloid now isolated was very likely a con- 
tituent of what Dey (Pharm. 1882, [iii], 12 , 397) obtained on 
vaporation of the ethereal extract prepared by shaking an aqueous 
olution of opium made alkaline with sodium carbonate or 
immonia, and apparently also of what Merck called porphyroxine. 
^Considering these facts and that the alkaloid gives a purple solu- 
tion with dilute acids resembling porphyry, the name porphyroxine 
may reasonably be retained, 

The alkaloid isolated is fairly i^eadily soluble in Water, in which 
aspect only it resembles papaverine, codamine, narceine, and 
xleine, but its other properties are in striking contrast with them ; 
be solutions of the base or its salts are strongly laevorotatory, it 
oes not sublime like codamine, and, unlike codeine, the aqueous 
)lution of its hydrochloride gives a white or pale yellow precipitate 
'ith ammonia. 

Preparation , — Twenty parts of Indian opium powder and nine 
arts of freshly slaked lime were triturated in a mortar for five 
linutes, then 100 parts of water were added gradually during one 
lOur, the trituration being continued. The solution was filtered 
-nd the filtrate shaken with an equal bulk of ether for ten minutes 
p a separator. The ethereal layer was then liltered'int-o another 
iparator containing some dry lumps of calcium chloride, shaken 
>r five minutes, allowed to settle, the ethereal solution decanted, 
Itered, and evaporated oit a water-bath. A pale yellowish-brown, 
VOL CXV. T 
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soft, crystalline residue was obtained, which when rubbed with a 
spatula on a porcelain plate for three to four hours became a dry 
powder. One hundred grams of this powder were heated with 
200 c.c. of light petroleum until the solvent boiled briskly, the 
whole was shaken for fifteen minutes, heated again to boiling, and 
the petroleum decanted as completely as possible, the insoluble 
residue being carefully excluded. This process of extraction was 
repeated five times, 100 c.c. of petroleum being used each time, and 
finally the contents of the flask were collected, dried, and powdered. 
Ten grams of this powder were triturated with 100 c.c. of 10 per 
cent, hydrochloric acid gradually added during half an hour, and 
then with 100 c.c. of water gradually added during another hour, 
and filtered quickly, the residue being washed with a little dilute 
hydrochloric acid. To the filtrate was added a saturated solution 
of sodium hydrogen carbonate, a thin layer of ether being kept on 
the surface of the liquid, and the latter was stirred until the addi- 
tion of a further quantity did not produce any effervescence. After 
remaining for half an hour for the complete separation of the pre- 
cipitate, this was collected and washed with distilled water. The 
filtrate, measuring about 500 c.c., was shaken with 50 c.c. of chloro- 
form for fifteen minutes, the chloroform removed, and the process 
of extraction was sirpilarly repeated thrice with 30, 25, and 25 c.c. 
of chloroform respectively. The chloroform extracts were mixed 
together, filtered, the bulk of the solvent was distilled off, and the 
residue dried slowly on the water-bath; it was then kept overnight 
in a desiccator. Sometimes the substance formed a soft, viscid, 
crystalline mass, but '^generally a pale brownish-yellow, viscid 
varnish, which on rubbing with a spatula against the side of the 
basin for an hour became a crystalline, pink powder. Five grams 
of this powder were heated on a waster-bath with 100 c.c. of liglit 
petroleum (b. p. 100 — ^120^) just to boiling, the mixture was then 
shaken for fifteen minutes with a rotatory motion, heated again 
to boiling, and the petroleum decanted through filter paper, the 
iiudissolved residue being carefully excluded. The residue in the 
flask was again twice extracted similarly with 80 and 60 c.c. 
respectively, of light petroleum, care being always taken not to 
melt the substance, thus causing the extraction to be incomplete. 
The successive petroleum extracts were collected and allowed to 
evaporate, when the base crystallised in groups of radiating, 
shining, pale yellow prisms, which were carefully separated from a 
thin film -of non-crystalline residue, powdered, and dried in a desic- 
cator. Several samples from different preparations were analyse^- 
the results of one only being given below : 
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0-2950 gave 0’7530 CO, and 0-1854 C-69-46; H = 6-98. 

0'253 „ 10-6 c.c. N 2 (moist) at 34° and 750 mm. N^4'36. 

CjgH2504N requires H = 6'99; C= 69*30; N = 4’26 per cent, 
Porphyroxine forms pale yellow or wliite, transparent prisms 
lelting at 134 — 135° to a clear, transparent, straw-coloured liquid 
hich solidifies on cooling. It is a non- deliquescent substance 
ppreciably soluble in water, giving a strongly alkaline solution; 

, is readily soluble in dilute acids, acetone, carbon disulpbide, 
bloroform, or glacial acetic acid, moderately so in benzene, carbon 
•trachloride, methyl or ethyl alcohol, toluene, or ethyl acetate, 
laringly so in amyl alcohol, ether, light petroleum, ammonia, or 
arium hydroxide, and almost insoluble in aqueous sodium hydr- 
xide, pota,ssium hydroxide, or lime water. When its dilute 
lineral acid solutions are kept exposed to air, they assume a fine 
ink porphyry colour. The base has a strongly alkaline reaction 
owards cochineal, methyl-orange, and litmus, but has no action on 
henolphthalein. Iodine solution gives an orange precipitate with 
he aqueous solution of the base and a brick-red precipitate with 
fcs dilute hydrochloric acid solution. Mayer's reagent gives a white 
>recipitate with its aqueous solution and the usual pale yellow one 
dth its dilute hydrochloric acid solution. Colour reactions of the 
)ase are often vitiated by the presence of a small quantity of 
mpurity, and the following reactions were observed with a sample 
pecially prepared by recrystallising three times from petroleum, 
[t gives a red colour with concentrated sulphuric acid, a grass-green 
with concentrated sulphuric acid and a small quantity of potassium 
jichromate, a pale yellow with concentrated nitric acid, and an 
irange with concentrated hydrochloric acid; a brownish-red pre- 
cipitate is obtained on adding ferric chloride to its sulphuric acid 
solution, and when fused with potassium hydroxide it becomes 
brown and gives off a strongly alkaline vapour without becoming 
bharred, 

0*2540, made up to 50 c.c. with chloroform, gave a -4*1° 
|Ventzke) in a 2-dcni. tube at 32°, whence [a] ~ 139*9°. 

The hydrochloride crystallises from water in prismatic needles, 
tt is a stable salt, and, on heating, softens at 140° and melts at 
155° to a clear, pale yellow liquid which does not solidify quickly 
)n cooling: 

0-1168 gave 0-0460 AgCl. Cl = 9-7. 

CjgHosOjNjHCI requires Cl = 9*7 per cent. 

It is a non -deliquescent, crystalline, stable substance readily 
hible in water, chloroform, methyl or ethyl alcohol, or glacial 
•etic acid, sparingly so m amyl alcohol or carbon disulphide, and 

■T 2 
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dlmoBt ip. acetone, be^s^ne, carbon ^teacWwde^ 

acetate, et^yer, light petr<4en,ni, or tolyene. 

0'2920, made up to 50 c.c. with water, gave a -4-0® (Yent^) in 
a 2-dcm. .tube at 32®, whence [a] - US'S® 

The ^tmicMoride separates from a fairly coyceuti^ted aqyjWUs 
s(dution as a bright^ ochreous, crystalline powder. 

Fmind: Pt=18’0. 

(Ci9H2804N,HCl)2PtCl4 requires Pt=:lS-2 per cent. 

When kept in a steam-oven for a long time, it slowly swells 
up and decomposes, forming a dark brown, spongy mass. It 
darkens at 188° and melts and decomposes at about 204°. 

The aurichloride was obtained as a greyish-yellow, amorphous 
precipitate, which decomposed within an hour while remaining in 
the mother liquor. 

The hydrohromide crystallises in fine, white needles which melt 
at 148 — 150° to a pink liquid : 

0*3367 gave 0*1555 AgBr. Br=19*7. 

Ci9H2804N,HBr requires Br=19'5 per cent. 

It becomes slightly pink after two or three days, and is readily 
soluble in water, methyl or ethyl alcohol, or glacial acet^ ^cid, 
sparingly so in acetone, chloroform, or ethyl acetate, and insoluble 
in amyl alcohol, benzene, carbon disulphide, carbon tetrachloride, 
ether, light petroleum, or toluene. 

0*4209, made up to 50 c.c. with water, gave a -4-4° (Ventzte) in 
a 2-dcm. tube at 32°, whence [a] -90*6°. 

The hydriodide was obtained as a pale brown powder, which 
melts and decomposes at 115°. The salt, once separated from its 
aqueoys solutibn, is very sparingly soluble in water, and therefore 
in the analysis the silver iodide was precipitated from its alcoholic 
solution : 

0*1660 gave 0*8200 Agl. 1=28*3,.- 

Cx 9 H 28 p 4 N,HI requires 1=27*8 per cent. 

It is readily soluble in methyl or ethyl alcohols, very apiudngly 
so in water, acetone, chloroform, ethyl acetate, or glacial acetic 
acid, and insoluble in amyl alcohol, benzene, carbon disulphide, 
carbqu tetrachloride, ether, light petroleum, or toluene. 

0*3120, made up to 50 c.c. with alcohol, gave a— 2*8° (yeQtzke)iii 
a 2-dcm. tube at 32°, whence [a] - 77*8°. * 

The sulphate separated from water in pale pipk, radiating plates 
which, -when washed with a mixture of equal parts absolute 
al(»hol and e^er, melted at 193° to a pink liquid, with slight 
d^jnpo^tion : 



o-^fso gavd d*i794 BiSO^. 

Requires S=4*3 p«r ceht . 

li id readily ^oliibla iii carbon tetrachloride, chldrofonn, ethyl 
al^hol, or toluene, and alihost insoluble in acetone, amyl alcohol, 
benzene, cfton disulphide, ethyl acetate, ether, or light 
petroleum. 

0'5600, made up to 60 c.c. with water, gave a~7'2° (Ventake) in 
a 2-dcm. tube at 32^, whence [o] -UV4®, 

The phosphate did not crystallise from water, but .was 'obtained 
as a powder, which melted at 117° to a pale brown, transparent 
liquid : 

0 4312 gave 0ai75 MgsPA- P=7‘6. • 

^i«H 2 $ 04 N,H 3 P 04 requires P=7*3 per cent. 

This salt quickly absorbs moisture when left exposed to a damp 
atnjosphere, and become viscous. It is readily soluble in water, 
alcohol, methyl alcohol, or glacial acetic acid, sparingly so in 
chloroform, ethyl acetate, or ether, and insoluble in acetone, amyl 
alcohol, benzene, ^carbon disulphide, carbon tetrachloride, light 
petroleum, or toluene. 

0-5390, made up to 60 c.c. with water, gave a- 6*1° (Ventzke) in 
a 2-dcin. tube at 32° whence [a] -98*2°. 

The nittate crystallises from water in voluminous, fine, feathery 
ablets melting at 122° to a transparent, pink liquid. An attempt 
fas made to determine the nitratic nitrogen by the Cnim-Frank- 
and method, but as soon as sulphuric acid was mixed with a solu- 
iott of 0*1367 gram of the nitrate in the nitrometer, a blood-red 
'oloration was at once produced, and only I'O c.c. of moist nitric 
)xide was evolved at 35° and 750 mm. The percentage of nitratic 
[litrogen thus found is only 0*38, whilst that required for 
is 3*80 per cent. Moreover, duplicate analyses 
did not always agree, and the nascent nitric acid reacts with the 
alkaloid before it does with mercury : 

0*1965 gave 0*4240 COj and 0*1090 H^O. C=58*7; H=6*l. 

CjqH^OiNjHNOj requires C = 58*2; H = 61 per cent. 

It is readily soluble in water, chloroform, methyl or ethyl 
ilcobol, glacial acetic acid, acetone, or carbon disulphide, sparingly 
*>in benzene, (^bon tetrachloride, ethyl acetate, ether, or toluene, 
»nd insoluble it amyl alcohol or light petroleum. 

06835, made up to 50 c.c. with water, gave a --9*1° (Ventzke) in 
a2-dcra!tube at 32°, whence [o] -115*4°. 

acetate was obtained as a pale brown, transparent, viscid 

wtQbh : 
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0-2780 gave 0'6610 CO3 and 0-1920 HgO. C = 64-8; H:=7*6. 

CijH 2304N,C2H402 requires C=64’8; H=7‘0 per cent. 

It is readily soluble in water, chloroforin, methyl or ethyl 
alcohol, or glacial acetic acid, sparingly so in acetone or ethyl 
acetate, and insoluble in amyl alcohol, benzene, carbon disulphide, 
carbon tetrachloride, ether, light petroleum, or toluene. 

The oxalate crystallises from water in long, pale yellow, pris- 
matic crystals, which darken and melt at 182° with effervescence: 

0-1670' gave 0-0492 CaCA- CgH2O4==20-72. 

CigH2304N,C2H204 requires C2H204 = 21-48 per cent. 

It is fairly readily soluble in water, methyl alcohol, or glacial 
acetic acid, sparingly. so in acetone, ether, or ethyl alcohol, and 
insoluble in amyl alcohol, benzene, carbon disulphide, carbon tetra- 
chloride, chloroform, ethyl acetate, light petroleum, or toluene. 

0-9340, made up to 50 c.c. with, water, gave a-12‘3° (Ventzke) 
in a 2-dcm. tube at 32°, whence [a] -114'2°. 

The citrate is an amorphous, yellow ish-white powder, which melts 
at 82 — 85° to a transparent, pale brown liquid : 

0-1135 gave 0*2680 CO. and 0-0735 HoO. C:=64'3.; H = 7-l. 

requires C=64*l; H = 6-4 per cent. 

It is appreciably hygroscopic, readily soluble in water, methyl 
or ethyl alcohol, or glacial acetic acid, sparingly so in acetone, 
amyl alcohol, carbon disulphide, chloroform, or ethyl acetate, and 
insoluble in benzene, carbon tetrachloride, ether, light petroleum, 
or toluene. 

0-1595, made up to 50 c.c. with water, gave a -2*0° (Venteke) 
in a 2-dcm. tube at 32°, whence [a] -108'6°, 

The tartrate is a pink, crystalline powder, which melts at 
116 — 118° to a pale brown, transparent liquid: 

O'lOSO gave 0-2475 CO. and 0'0650 H.O. C = 62-5; H = 6-6. 

requires C=62-4; H = 6*4 per cent. 

It is somewhat hygroscopic, readily soluble in water, methyl or- 
ethyl alcohol, or glacial acetic acid, sparingly so in amyl alcohol 
benzene, carbon disulphide, chloroform, or ethyl acetate, and in- 
soluble in acetone, carbon tetrachloride, ether, light petroleum, or 
toluene. 


^ 0-1635, made up to 50 c.c. with water, gave a.- 1-8° (Ventzke) 
in a 2-dcm. tube at 32°, whence [a] -95-5'>. 

The IS a bright yellow, crystalline powder, which becomes 

brown at 171° and melts at 198°; 

0M158 gave 0^2258 CO, and 0'0510 H,0. C=53-2; H=4'8. 


19H23^4^»QII30 jNg 

requires C 


= 53‘7; H = 4-7 per cent. 
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It is a lion-deliquescent, crystalline powder^ readily soluble in 
acetone, chloroform, methyl or ethyl alcohol, glacial acetic acid, 
or ethyl acetate, sparingly so in water, amyl alcohol, benzene, or 
carbon disulphide, and almost insoluble in carbon tetrachloride, 
ether, light petroleum, or toluene. 

0'2658, made up to 50 c.c. with water, gave (Ventzke) 

in a 2-dcra. tube at 32*^, whence [a] -49-9®. 

Opium Factoby, 

Gazipoh, Ihtua. [Received, OcUiber 31rf, 1918.] 


XXXV.—Coa^iiiah’on of Metal Sulphide Hydrosols. 
Part 1. Influence of Distance >hetween the 
Particles of a Sol on its Stability, Anomalous 
Protective Action of Dissolved Hydrogen Sulphide, 

By Jnanendra Nath Mukherjee and Nagehdba Nath Sen. 

The coagulation of the sulphide sols has been studied by a fairly 
lar^e number of investigators. There is, however, fundamental 
disagreement between the results obtained by different authors. It 
was suggested by one of us in a previous paper (./. Amer. Chem. 
;W., 1915, 37 , 2024) that the discrepancy is due to the difference 
in the methods of observation, some of which are undoubtedly 
defective. The method used in that paper is a comparative one, 
and is based on visual observation of the changes in the sol with 
time. It will be conceded that no objection can be taken against 
it, although it has one disadvantage in so far as it is not instru- 
mental, This does not in any way interfere with the trend of the 
results. The method is found to be the most suitable one and 
gives concordant numbers. 

Contrary to the observations of Freqndlich {Zeitsch. physikal. 
dhem,, 1903, 44 ,’ 129), it was shown that dilution with pure water 
increases the stability of arsenious sulphide hydrosols to coagulation 
by electrolytes. The electrolytes studied were all salts of uni- 
valent cations. The difficulty in explaining the observed facts on 
the basis of the adsorption theory as developed by Freundlich (loc. 

ihid., 1910, 73 , 385; 1913, 83 , 97; 86 , 398, 641) was men- 
tioned. This point has also received attention from Kniyt and 
K. Alcad. 'Wetensch. Amsterdam, 1915, 17 , 1158), who 
examined three electrolytes, namely, the chlorides of potassium, 
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barium, and aluminium, but could not find the stal}i}i9iQ^ influence 
of dilution of the sols for ions other than potassion. They do not 
seem to recognise that the adsorption theoiy as it ^nds is in- 
sufficient to explain all the facts observed, and do not consider the 
influence that the distance between the particles of the sol may 
have on the stability of the sol. 

Further, Young and Neal (/, Physical Chem., 1917, 2X, 14), in 
a thorough study of cupric sulphide hydrosols, remark: "the 
amount of electrolyte required is independent of the dilution of 
the sol within wide limits. This latter was found to be true within 


rather close limits by Freundlich for arsenic sulphide sols.” The 
method used by Young and Neal consists in mixing equal volumes 
(2 c.c. each) of electrolyte and sol and noting the respective con- 
centration of electrolyte that just produces complete separation of 
the colloid in twenty-four hours and that which just fails to do so. 
These two limiting concentrations give a measure of the stability 
of the sol or the coagulative power of the electrolyte. This method 
is one due to Freundlich, and generally used by other workers. It 
will be noted that the concentrations of electrolytes employed are, 
necessarily, such as would require a fairly long time for the com- 
plete separation of the colloid. In the earlier paper (Joe. the 
process of coagulation was discussed in detail, and it was stated 
that "the time for complete settling is not characteristic of the 
rate of coagulation/' The justification of any method lies in so 
far as it indicates the progress of coalescence. The increased mass 
of particles with progress of coalescence introduces a new factor, 
namely, their gravitational effect, which masks the true behaviour 
of the sol, as will be clear from the following observations on 
mercuric sulphide sols. 


These sols are opaque unless very dilute. On the addition 
of electrolytes, there is a quiescent period followed by a 
sharp clearing of the whole liquid. At this stage, the liquid loses 
its homogeneous appearance, and visible clots are found suspended 
throughout the liquid. As the change is sharp, the times noted by 
different observers agree satis^ctorily. In this way, it is found 
that a mercuric sulphide sol, on saturation with hydrogen sulphide, 
requires a longer time for the observed change than when it is not 
so treated— the electrolyte concentration, of course, being identical 
These experiments leave no doubt that dissolved hydrogen 
sulflude increases the stability of the sol. The subsequent settling 
of these clots however, requires a very long time, which is about 
the s^e for both samples. So long as the respective times required 
for the cl^nng of the sols are very small compared with the time 
required for the subsequent settling of the clots, it is found that 
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tUe t^ee are nece^ary lor t|ie c(^pl.ete se^ralion of i^e 
colloid do not differ mnch. in the two cases. However, with electro- 
lyte concentrations where the clearing requires intervals comparable 
with that required for the subsequent settling of the clots, regular 
differences in stability are observed even if the times necessary for 
complete separation of the colloid are noted. 


iTUff/ue'firCe of Dilution on the Stability of a Sol. 

The method employed is to mix 5 c.c. each of sqI and electrolyte 
in carefully cleansed test-tubes. For reasons discussied in tii© 
previous paper, the electrolyte is always added to the sol. 
Thorough mixing is secured by pouring the mixed liquids from one 
test-tube to another and repeating the process. The mixed liquid 
is shaken regularly at short intervals, and the changes with time 
are observed. As before, the times required for perceptible change 
in the sol, for the attainment of maximum opacity, and for the 
first appearance of visible particles are noted. The time for com- 
plete separation of the colloid is also noted when thought desirable. 
The comparison is always carried out side by side. For sols of 
mercuric and cupric sulphides, the time for the appearance of 
risible particles is nested. With dilute sols, it is necessary to note 
he time for complete settling of the particles. 

Experiments were made on arsenious sulphide sols with solutions 
)f hydrogen, ammonium, potassium, lithium, barium and 
iluminium chlorides, aluminium sulphate, and thorium nitrate. 
With sols of mercuric and cupric sulphides, solutions of potassium, 
iiminoaium and barium chlorides, aluminium sulphate, and thorium 
nitrate only were studied. All the glass vessels were cleansed by 
lipping them for twenty-four hours in chromic acid solution after they 
had been washed with dilute alkali hydroxide. The need for 
scrupulous care in the washing of the vessels and avoiding dust or 
other impurities cannot be too strongly emphasised. This holds 
especially for the extremely dilute solutions used in some cases. 


(a) Arsenious Sulphide Sols. 

In the presence of salts having univalent cations, dilution of the 
sol increasea its stability in each case. The magnitude of the 
stabilising effect of dilution will be evident from table I. The 
electrolyte concentrations given are eftd concentratipns, that is, 
^hat results after mixing. Sols mentioned in the several tables 
are different unless stated otherwise. " Coagulation means the 

T* 
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breaking up o? the colloid into flakes so that the liquid is clear or 
very sliglitly coloured. 


Table I . 


Sol A contained 17’58 millimoles of arsenious sulphide per litre. 
Sol B was prepared by diluting sol A five times, and sol G by 
diluting sol A ten times, with pure water. 

Electrolyte : lithium chloride. 


IMlution 

(after mixing). Sol. A. 
6W/16 ... — 

ffy/32 ... — 

N}B Instantaneous 

coagulation. 


Sol. B. 


Coagulation after 
30 seconds. 

Coagulation after 
half an hour. 


N/IQ ... Change perceptible Change just after 
on mixing. miii^ not per- 

Coagulation not ceptible. 

observed after 
IJ hours. 


Sol. a 

Coagulation after 

20 seconds. 

Coagulation after 
50 minutes. 

Perceptible <^uge 
after 8 minutes. 
Coagulation after 

21 hours. 

Change perceptible 
after 45 minutes. 


On th© other hand, in the presence of the salts of aluminium 
and thorium, the stability decreases on dilution, as will be seen 
from table II. The data refer to the same three sols. The 
observations in tables I and II were completed within two days, 
and neglecting the slight “ageing'' during this interval, the data 
may be taken as comparable. 


Table II. 


Electrolyte: thorium nitrate. 


Dilution. Sol. A. 

N /10,000 Instantaneous 
coagulation. 

N /20,000 Perceptible turbidity 
just after mixing. 
Sol changes 
slowly. 

N /30,000 Perceptible turbidity 
afttf half an hour. 


Sol. B. 
Instantaneous 
coagulation. 

Coagulation in 2 
minutes. 


Perceptible turbidity 
after 5 minutes. 


Sol. C. 

Instantmeous 

coagulation. 


Coagulation within 
hwf a minute. 


Coa^ation in 4 

m^utes. 


Niio,m 


Coagulation in 53 
minutes. 


Solutions of salts of bivalent cations display an interesting aspect 
of the effect of dilution of the sol on its stability. With dilute 
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solsj the stability increases on dilution, whereas with sols very rich 
in sulphide content, the stability diminishes on dilution, and for 
a rich sol it is possible to reach a limit where on further dilution 
the sol becomes more stable. Moreover, from table III it will be 
seen that the stability relations on dilution vary with the concen- 
tration of the electrolyte' itself. 


Table III, 


Electrolyte: barium chloride. 

Arsenious sulphide sol containing 19'45 millimoles per litre. 


Dilutioa of Sol diluted 

Electrolyte. Original Sol, 4 times. 

NjSOO ... Complete coagula- Change perceptible 
tien in 1 minute. in 20 seconds. 

Coagulation after 
4 minutes. 

A/1 000... Change perceptible Change perceptible 
after half a in 1 minute, 

minute. Clots Clots appear 

appear through- throughout after 

out after 17 18 minutes, 

minutes. 

A/ 1200... Change perceptible Change perceptible 
in 2 minutes, in 2 minutes. 

Clots appear after Clots appear after 

1 hour 7 minutes. 52 minutes. 


Sol diluted 
16 timesi 

Perceptible change 
after 1 minute. 
Coagulation afte. 
12 minutes. 

Change perceptible 
after 2 minutes. 
Clots appear 
throughout after 
26 minutes. 

Change perceptible 
after about 
3 minutes. Clots 
appear after 
1 hour 1 minute. 


(b) Mercuric and Cupric Sulphide SoU. 

lu the case of mercuric and cupric sulphide sols, it is found that 
dilution increases the stability of the sol irrespective of the nature 
if the electrolyte. The effect cannot reasonably escape observation. 

All these apparently anomalous facts can be explained on the 
issumption that distance between the particles of a sol is an 
mportaut factor in determining its stability. On the adsorption 
Aeory of Freundlich, coagulation is due to the neutralisation of 
tie charge of the particles of the sol by adsorbed cations. Other 
things being equal, it follows that an increase in the total surface 
of the colloid would mean a decrease in the surface concentration 
of the cation, so that a higher concentration of the electrolyte 
would now be necessary to neutralise the charge on the particles. 
Ihs amount adsorbed hs necessarily small, and its effect can only 
he perceptible when (a) the difference in surface is great compared 
with the total quantity of the electrolyte present, that is, (6) when 
the electrolyte concentration is sufficiently low. It is evident that 
lor the concentrations employed in the case of salts of univalent 

T* 2 



466 MUKHEKJEE AND SEN : COAG|JDATION OE 

cations the in stabiUty predicted by the adsorption, theory 

on dilution would b© negligible. The adsorption theory thus pre- 
dicts ^hat dilution of the sol will always diminish its stability, and 
in the limiting case of salts of univalent cations, this theore^cal 
dinoinution may npt be perceptible. 

It has been assumed in the above discussion that the individual 
particles in the sol do not change in any way on dilution, and hence 
the total surface of the colloidal particles will decrease proportion- 
ally to the dilution of the sol. 

The observed increase in stability cannot thus be explained by 
the adsorption theory as it stands. However, if it is considered 
that dilution also increases the distance between the particles of a 
sol, it explains easily the increase in stability observed. It may 
be stated here that Freundlich’s adsorption theory does not con- 
template any effect of the distance between colloidal particles on 
the stability of the sol. The increased distance somehow decreases 
the facility for coalescence, and thus increases its stability, as will 
be evident from the sequel. 

Dilution thus brings into play two factors which have opposite 
effects on the stability of the sol. The observed increase or decrease 
in stability is due to the predominating influence of one over the 
other. The observations given in table III are instructive. In 
order that the difference in total surface may have a decisive effect 
on the stability, the quantities withdrawn by adsorption should be 
comparable with the total quantity of electrolyte present, that is, 
appreciable differences in the concentrations of the electrolyte in 
the bulk of the liquid should result with the different dilutions of 
the sol employed. 

As the dilution of the electrolyte increases, the differences in 
total surface become more dominant in determining the stability 
of the sol. On the other hand, if the electrolyte concentration is 
kept constant, then, as the dilution of the sol increases, the total 
surface of the colloid decreases rapidly, and the effect of adsorption 
becomes counterbalanced by that of the increase in distance. This 
is apparent from table IV. 


Table IV. 

Sol contained 19‘45 millimoles of arsenious sulphide per litre. 
Electrolyte: aluminium sulphate. Dilution, A7 4000. 

Sol diluted Diluted Diluted 

Ongmal Sol. 4 times. 16 times. 20 times. 

Coagulation in Coagulates im- Coagulation in Coagulation in 

7 minutes. m^ately on 40 seconds. 60 seconds. 

tniying , 
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;Farther dilutiona could not be examined, as it became increas- 
ingly difficult to follow the changb^ ih the sol. 

With mercuric and cupric sulphide sols, much higher cbncentra- 
ions of electrolytes are required fdr coagulation, and it is interest- 
ng to note that in the case of these sols dilution always increases 
heir stability. This may be ascribed to the fact that these sols 
re generally poorer in colloid content and that the adsorption is 
nuch smaller in comparison with the arsenioug sulphide sols used. 

It should be remarked that the total surface varies directly with 
he dilution, whereas the mean distance betw^ed the particles varies 
,vith the cube root of the dilution. 

Comparative Stability of Soh having the same Colloid Content 
hut differijig in the Degree of Disyerdon, 

In the foregoing, it has been assumed that on dilution the 
individual particles do not suSer any change. The observations of 
Coward {Tram. Faraday Soc., 1913, 9, 142) show that dilution does 
not bring about a proportionate decrease in the number of sub- 
microns, and that the migration velocity of the particles in an 
electric field changes on dilution. Young aftd Neal {loc. cit.) have 
also observed an increase in migration velocity on dilution with 
cupric sulphide sols. 

In view of these observations, a comparison of a pair of sols 
which have the same colloid content, but differ in the degree of 
dispersion, was thought desirable. This is possible with arsenious 
sulphide sols.* Such a comparison has the advantage that, in 
reality, two sols are compared, one of which has a smaller number 
of larger particles, whilst the other has a larger number of smaller 
particles for the same volume. A simple calculation will show that 
the mean distance between the particles and the total surface of 
the colloid in a given volume differ in the same ratio. The ratio 
is given by ^{n^) : where “ and ‘"fh” denote the number 

of particles present in each case. The relative effects of these 
factors can thus be wunpared directly. The finer sol will evidently 
contain a greater number of particles than the coarser one 
The results leave no doubt as to the greater stabilising effect of 
increased distance. Of course, here also, with dilute electrolyte 
solutions and sols differing greatly in the degree of dispersion, the 
surface effect is perceptible. 

by varying the conditions of experiment, a series of sols having 
the same sulphide content was prepared. For comparison, the 
foaraest and the finest sells are selected. 
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Table V. 

Electrolyte: strontium chloride. 

Both sols contained 8‘52 millimoles of arsenious sulphide per 


litre. 

Dilution, Sol I {fine sol). Sol 11 (coarse sol). 

JV/200 Coagulation after a few Coagulation after a minute. 

seconds. 

N/^OO Coagulation after 2 Coagulation after 4 

minutes* minutes, 

A^/400 Coagulation after Turbidity perceptible after 

13 minutes, 1 minute. A portion of the 

colloid had separated alter 
40 minutes. 

NJ500] The greater portion had 

separated after 40 
minutes. 


It appears that the magnitude of the difference in stability h 
roughly the same for the different electrolytes. It will be seen 
from the sequel that dissolved hydrogen sulphide has an anomalous 
effect on the rate of coagulation of arsenious sulphide sol in the 
case of certain salts. Here, also, the greater stability of the coarser 
sol is quite inarked. In t-able VI are given the respective con- 
centrations of an electrolyte which corresponds with a])out the 
same coagulation time for these two sols. 

Table VI. 

Comparable concentrations. 


Electrolyte. Sol I. Sol II, Remark, 

SrGj V/600 V/400 

2V/400 V/300 In presence of H,S. 

LiCl N/S CV/32 

NH^Cl A720 A/ 16 

Trm xT/oci 


KCl A720 A/16 

Inffnenr.e of Dh^tolved Hydrogen Sulphide on the Stahility of 
Metal Sulphide Sols. 

(a) Arsenious Sulphide, 

In the paper referred to, it was stated that dissolved hydrogen 
sulphide stabilises arsenious sulphide sols against coagulation by 
electrolytes. The electrolytes used at that time were salts of uni- 
valent cations. It has subsequently been observed that arsenious 
sulphide sols behave in an anomalous manner. When solutions of 
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barium and strontium chlorides, magnesium sulphate, and thorium 
nitrate are used, the sol containing hydrogen sulphide becomes less 
stable. Tables VII and VIII show that the diminution in stability 
is as marked as the increase in stability observed with the other 
electrolytes. In each set of experiments, the sol and the electrolyte 
were both saturated with hydrogen sulphide freed from impurities. 
Five c.c. of each were withdrawn by means of a pipette with the 
help of a rubber hand pump and kept in separate test-tubes. The 
liquids were then mixed as usual and kept well corked with india- 
rubber stoppers. Care should be taken that the liquids do not 
touch the rubber. 


Table VII. 

Arsenious sulphide sol containing 17‘58 millimoles per litre. 
Electrolyte: aluminium sulphate. 

Dilation. H^S absent, present. 

iV/24,000 ... Complete coagulation Partial coagulation after 
after 2 minutM. 3} minutes. 

^/30,000 ... Partial coagulation after Only slight turbidity after 
6 minutes. Complete 21 minutea. 

after 11 minutes. 


Table VIII. 

Comparable Concentrations. 

Sol I. Sol II. Sol m. 

H,S H*S "h.S H,S H|S H,S 
Electrolyte. a)>eent. present. absent, present, absent, present. 


m A718 Nl% ~ — V/8 

ma V/20 NJU N/20 N/12 N/20 NI12 

BaCl, V/800 iV/1000 N/BOO V/1000 — — 

SrCl, V/300 V/400 ^/300 iV/400 — — 

Th(NO,h JV/10,000 Ar/I2,000 


The data with thorium nitrate refer to the sol mentioned in 
table VII. Sols I and II are the same as those in tables V and 
VI. Sol III is a fine sol containing 34*8 millimoles of arsenious 
sulphide per litre. 

The results show that the magnitude of the stabilising effect 
varies somewhat with the quality of the sol used. A quantitative 
comparison is beyond the scope of the present paper. 


(b) Mercuric Suljyhide. 

Hydrogen sulphide has a similar influence on mercuric sulphide 
sols. Increase in stability was observed for ammonium and 
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potia’skfum. chldtidea and a diminution for barium aid ^trohtiUin 
chlorides. 

The sols were prepared as usual from the frwhl^ precipitate 
hydroxide or sulphide after they had been washed free from electro- 
lytes. The sols had a blackish-grey appearance. 

The cbagulation of these sols difiers in one respect from that of 
ataenious sulphide sols, possibly due to the fact that they are 
comparatively poorer in sulphide content. Sols, unless very rich 
in sulphide, show a Tni niTmiTn coagulation time (as defined here) ; 
for example, a mercuric sulphide sol gave a clearance time of about 
two minutes from ^/20- to iV/ 300-barium chloride; With more 
dilute solutions, the coagulation time increased rapidly as usual. 


(c) Cupric Sulphide. 

It is well known that dissolved hydrogen sulphide markedly 
stabilises the pure sulphide sols both in aqueous and non-aqueous 
media (Lottermoser, J. pr. Chem., 1907, [ii], 76 , 293) and facili- 
tates their solution. It is natural to conclude that the same pro- 
tective effect would be observed with the sulphides of different 
metals in the presence of electrolytes. This is, however, not the 
case here. It has been found that hydrogen sulphide diminishes 
the stability of cupric sulphide sols. This holds good for all the 
electrolytes studied, namely, potassium, ammonium, strontium, 
and barium chlorides, and aluminium sulphate, and the anomaly 
observed with arsenious and mercuric sulphide sols is absent. 
Young and Neal (J,oc. cit.) could not find any perceptible effect of 
hydrogen sulphide on the stability. This is probably due to the 
method they used. 

The observed diminution in stability can be understood from an 
observation of Young and Neal. They find that hydrogen sulphide 
diminishes the velocity of migration of the particles of a cupric 
sulphide sol in an electric field. It follows from the wpll-knnwn 
HeZmholtz-Lamb formula {lUp. Brit. Assoc., 1887, 495) that a 
dimnution of the electric charge of the particles takes place pro- 
vided that other factors remain constant. The result will be a 
diminution in stability, as a smaller amount of adsorbed cations 
will now be required to discharge the particles. As it is not clear 
that simultaneous measurements of viscosity and other properties 
were made, the parallelism loses much of its significance 
Solutions of ammonium, potassium, barium, and strontium 
chiondes, and aluminium sulphate were studied. With ammonium 
and potassium chlorides, nearly saturated solutions have to be used. 
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Table IX. 

Clearance time. 


Electrolyte. Dilution. HjS absent. HiS present. 

Kd — 6 minutes. A few seconds. 

BeCl, A/^/20 9 „ 4 minutes. 

AljiSO*), Ar/2000 13 „ 9 


Protective Action of AlhaU Sul'phides and Alkali Hydroxides. 

Solutions of potassium and sodium sulphides have a more marked 
protective action. This stabilising influence has been f blind for 
ammonium, potassium, barium, and strontium chlorides, and 
<>Iuiiiinium sulphate on hydrosols of cupric, mercuric, and arsenious 
ulphides. The behaviour of the sols is thus very regular. 

This is also the caso with alkali hydroxides, A trace greatly 
acilitates the preparation of sols rich in sulphide, and largely 
Bcreases their stability. The protective action of alkali sulphides 
s probably due to the free alkali hydroxide present as a result of 
lydrolysis. 

Since these substances dissolve arsenious sulphide with the form- 
ation of arson ites and thioarsenites, it is not possible in this case to 
refer the protective action observed to the hydroxidions alone. 
Indeed, the liquid obtained by dissolving in a few c.c. of dilute 
alkali hydroxide as much arsenious sulphide as possible has an 
qually marked protective action on the sols of these three 
sulphides. However, as alkali hydroxide does not react with the 
other sulphides and produces similar protective action, it is prob- 
ably that the effect of all these substances is due to the trace of 
free alkali hydroxide present as the result of hydrolysis. 

Freundlich {Zeitsch. fhysikaL Chem.^ 1903, 44 , 144) has 
observed that salts of alkali metals with organic anions of large 
mass have a lower (Xiagulating power than the corresponding salts 
of inorganic acids. He refers this to the protective action of these 
anions, due to greater adsorb ability, but in view of the preceding 
this can as well be due to the trace of alkali hydroxide present on 
hydrolysis. 

In conclusion, it may be stated that the anomalous influence of 
hydrogen sulphide is not without parallel. Recently Freundlich 
has found somewhat similar behaviour with ferric hydroxide 
hydrosol {Biochem. Zeitsch., 1917, 81 , 87). An actual reversion 
of stability was not, however, observed in this case. So far as can 
he understood from the abstract of the paper, he explains these 
ifiegul^rities as due to selective adsorption \hc. cit.). It remains 
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to be seen how far these observations can be explained on the basis 
of the existing theories, 

Our best thanks are due to Sir P. C. Ray and to Dr. J. C. 
Ghoah. 

University Coixege of Science, 

Calcutta, [Eeceivedt February ith, 1919.] 


XX XVI . — A Simple Form- of Apparatus for Estimating 
the Oxygen Content of Air from the Upper 
Atmosphere. 

By Prancis William Aston. 


From meteorological considerations, it ia probable that air in the 
stratosphere or isothermal layer is stagnant, hence, owing to their 
different densities, the relative percentage of oxygen and nitrogen 
will not be identical with that in the troposphere, where mixing 
is practically perfect. It is therefore of great importance that 
exact analyses should be made whenever possible of samples of air 
brought down from the great altitudes now available to aeroplanes 
in order to find out at what height such gravitational separation 
becomes evident to chemical analysis. For this purpose, it is 
enough to determine the oxygen content of the sample after this 
has been dried and freed from carbon dioxide. 

A complete and exceedingly accurate method for determining 
the percentage of oxygen in air volumetrically has been described 
by Watson (T., 1911, 99, 1460). The apparatus which forms the 
subject of this paper is a modification of this, in which, hy measur- 
ing the difference only in oxygen content between the sample and 
normal air, very considerable simplifications may be made, the 
pump and the cathetometer being rendered unnecessary 
^ The samples are conUined in tesUubes holding rather more than 
IS required for an analysis (10 c.c.), in the tops of which have been 
fused a little potassium hydroxide. Here they remain over 
mercury for at least two hours before analysis in order to remove 
carbon dioxide and water vapour. 

The raeasunng burette and barometer tube (see figure) are 
full of mercury with the stopcock A turned on to 
avoid fracture hy expansion. In order to perform an analysis, the 

the level of the mercury in the barometer tube is a little below its 
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upper and broader part. The stopcock A is then closed, and the 
ganiple tube held down over the inverted syphon tube in the 
aercury trough D, When the capillary stopcock i? is now opened, 
]ie air flows into the upper part of the burette and the mercury 
ises again to the top of the barometer tube; in order to prevent 
•his happening with destructive violence, the lower part of the 
)arometer is made of capillary bore (leas than 2 mm.). After 
waiting for a few moments for pressure and temperature to adjust 



themselves, the sample tube is raised, flooding the end of the 
inverted syphon with mercury, the stopcock .1 is opened again, 
ind by lowering the reservoir mercury is caused to flow through 
the syphon and fill the capillary tube when 5 is turned off. 

It will be seen that the volume of air introduced in this way is 
constant, being the volume of the upper part of the barometer tube 
(iJi the actual apparatus a little less than 10 c.e.); the pressure 
being atmospheric plus the small difference of level between the 
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top of tie syphon tube and the mercury in the trough, the quantity 
will also be approximately constant. This quantity is now accu- 
rately measured by adjusting the mercury level in the burette 
exactly to the lower fixed reading point, ; this can be done with 
the greatest nicety by bringing the mercury nearly up to the mark 
by manipulation of the reservoir and stopcock, and, finally (with 
the latter closed), squeezing the short length of rubber pressure- 
tubing with the screw clip provided as indicated. The volumes of 
the burette and barometer are such that the surface of the mercury 
in the latter will be somewhat as indicated in the diagram, and 
the lower movable reading point, may be exactly adjusted to 
it by means of the micrometer screw, Q. 

The barometer and the parts of the burette where readings are 
taken are all made of the same piece of glass tube 0’9 cm. in 
internal diarneter to eliminate meniscus error. The reading points 
are all sleeves of brass tube 1 cm. long fitting the glass tubes, 
clamped in the case of the fixed points, sliding loosely in the case 
of the moving ones. , 

The reading of the micrometer having been taken, the air is 
now forced into the laboratory tube. This is a quartz test-tube 
holding rather more than 10 c.c., to the top of which (not quite 
in the centre) has been fused a pellet of phosphorus. These pilets 
may be easily made by allowing melted phosphorus to flow from a 
pipette with a narrow mouth into a tall cylinder of cold water. 
One spherule of about 2 — 3 mm. in diameter should be ample, and 
this is introduced into the inverted quartz tube full of mercury, 
shaken into position, and fused into the side with a touch from a 
Bunsen flame. When all the air has been transferred from the 
burette to the quartz tube, the phosphorus is inflamed and then 
heated to boiling point in order to ensure the complete removal of 
all oxygen. Some time is allowed for the phosphoric oxide to 
settle, when the deoxidised air is drawn back into the burette. It 
was feared when the apparatus was designed that io perform this 
operation satisfactorily might be difficult, or even impossible, as 
small bubbles of air were expected to remain behind on the walls 
of the quartz tube, now of necessity contaminated with the pro- 
ducts of combustion. Such bubbles are formed, but they can be 
dislodged by touching with the syphon tube and then washed with 
a little mercury into the burette. 

In Watson’s apparatus, the deoxidised residue was measured at 
thesame voluMeas the original air, necessitating the determination 
0 wo wi e y different pressures. In the present one the residue 
measured at such a volume that if the air is normal the two 
pressures measured would be identical, so that a very small diSer- 
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euce of pressure only need be determined. For this purpose, the 
upper fixed reading point, is used, this being set once for all 
during the construction of the burette, so that the upper part cf 
the burette holds exactly 79'0 per cent, of the whole. The upper 
movable reading point, is also soldered to the sliding carrier 
at exactly the same height above the lower one as that between 
the fixed points. Hence it will be seen at once that for normal 
air the mercury at the measurement of the residue should stand 
at the upper movable reading point, or, if the dimensions of the 
apparatus are not quite correct, at a constant small distance above 
or below it, a correction easily determined at any time by an 
analysis of normal air. If, on the other hand, there is reduction 
in the percentage of oxygen present, the mercury will stand at a 
higher level, the difference being measured on the micrometer, 

A decrease of oxygen from 21 per cent, to 20 per cent, corre- 
sponds with a change in height of mercury in the ratio of 79 to 
80; as the normal difference between the fixed and movable read- 
ing pointe in the apparatus in use is 237 mm., this gives exactly 
3 mm. per 1 per cent, change. The micrometer has a range of 
10 mm., which is more than ample for the changes expected, and 
analysis should be consistent to well within one-tenth per cent, 
on total air, the head of the micrometer being divided in twentieths 
of a millimetre, corresponding with one-sixtieth per cent. 

Temperature errors are minimised by the immersion of the 
burette and the most of the length of the barometer tube in a 
small water-jacket. As the time occi^ied in an analysis is only 
i few minutes, they are not likely to be serious. 

The following readings of the micrometer in mm. obtained with 
the apparatus will serve as an example. The first set of three 
were obtained with pure air, which is regarded as containing 2r00 
per cent, oxygen, the second with an artificial sample in which the 
oxygen content had been reduced, by the addition of a known 
quantity of deoxygenated air, to 20-42 per cent.: 


Pure air. 

F, 3-66 3-38 4-83 

F, 3-39 3-20 4-55 


Sample. 

4-52 5-55 5*40 
6-09 7-21 7-06 


Diff 026 0 18 0-28 


1>57 1-66 1-54 


Mean diff 0*24 1*59 

Decrease in percentage of oxygen = 06- 1 giving per- 

centage of oxygen in sample = 20*39, in good agreement with the 
value expected. 

Faunboro-doh. [Received f February 26/A, 1919.] 
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XXXVII , — The Resolution of Hyoscine and its Com- 
p07ients, Tropic Acid and Oscme, 

By Harold King. 

Hyoscine or scopolamine, the tropyl ester of oscine_, and one of 
the group of Solauaceous alkaloids, receives varied and extensive 
Use in medicine, and has on that account attracted the attention 
of many workers both from the chemical aspect and from the 
medicinal. 

During the last few years, the subject has acquired an additional 
interest and importance as a result of the recognition that oscine 
(or scopoline), the basic hydrolytic product, is capable of resolu^ 
tion into its constituents d- and ^-oscine. This follows from tho 
resolution of benzoyloscine by Turin in 1910 (T., 97 , 1793) and 
from the partial elucidation of the structural formula of oscine 
by Schmidt and Hess and their co-workers, whereby it seems certain 
that oscine, unlike tropine, is not internally compensated. Apart 
from these two separate results, and in spite of the vast amount of 
work that has been carried out on oscine and hyoscine, there was 
nothing known which definitely pointed to this conclusion. Since 
tropic acid is also capable of resolution, and Gadamer (Arch. 
Pharm., 1901, 239 , 294) has shown that ?-tropic acid may be 
obtained by hydrolysis of Z-hyoscine, it follows that tropyloscine 
(hyoscine) might exist in ten, or possibly eleven, stereoisomeric 
forms consisting of four optically active, four partially racemic, two 
fully racemic, and one double racemic compound. The problem 
is in some ways analogous to that presented by the ten tetrahydro- 
quinaldinomethylenecamphors obtained by Pope and Read (T,, 
1913, 103 , 1515), but with this difference, that in the case of the 
hyoscines an approach is at present (apart from the rarity of the 
materials) not possible from the synthetic side, as hyoscine has as 
yet not been obtained by the esterification of oscine by tropic acid. . 
The elucidation of the chemistry of the isomeric hyoscines and the 
correct allocation of the medicinal properties to be attributed to 
each is of considerable moment for both sciences. 

Our knowledge of the hyoscines as revealed by previous workers, 
so far as it appertains to the present subject, may be very briefly 
summarised. * j j j 

Naturally occurring (oevo-liyosciue has been obtained in a state 
ot purity by several workers, and in the form of its well-crystal- 
ised hydrobromide is a commercial product. In the plant, it is 
apparently accompanied to some extent by .ff-hyoeciae, from which 
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it can b© separated by fractional crystallisation of the hydro- 
bromides. Kacemic hyoscine base, which can also be obtained 
from ^-hyoscine by the action of alkalis, forms two hydrates, on© 
crystallising with two mdecules of water, and known as atroscin© 
(Hesse), the other with one molecule of water. Two attempts to 
resolve racemic hyoscine are recorded, the first by Schmidt {Arch. 
Pkarm.y 1898, 236, 56), who found that the salt with thiocyanic 
acid did not separate into two mechanically separable crystalline 
euantiomorpbs, as was the case with racemic lupanine (Schmidt 
and Davis, Arch. Pharm.j 1897, 235, 196), the second by Gadamer 
{Arch. Pharm.j 1901, 239, 294), who states that the quinic acid 
and ti-mandelic acid salts of ci^-hyoscine are very readily soluble 
and possess little crystallising power, and are therefore not suit- 
able for the resolution of hyoscine. 

The primary mode of attack adopted in the present investiga- 
tion is based on some unpublished preliminary experiments by 
Tutin, who showed that ^hyoscine of commerce forms a soluble, 
deliquescent salt with t?'bromocamphorsulphonic acid which can be 
recrystallised from dry ethyl acetate containing alcohol, and also 
that when /-hyoscine is racemised by alkali, the product as a salt 
with the same acid can likewise be recrystallised, and the successive 
fractions of salt so obtained show a progressive variation in rotatory 
power. The author here gratefully acknowledges his indebtedness 
to Mr, Tutin for placing these results at his disposal. 

A quantity of crystalline hydrobromides of feeble laevorotatory 
power, obtained as a by-product in the manufacture of the thera- 
peutically valuable /-hyoscine, was fractionally crystallised as a 
^alt with (/-a-bromo-TT-camphorsuIphonic acid, when the first salt 
to be isolated was meteloidine bromocamijhorsulpkonate (m. p. 
324 — 227°). This salt crystallises exceedingly well, and contains 
Mneteloidine (compare Pyman and Reynolds, T., 1908, 93, 
2077). On continuing the fractionation, d-hi/oscine bromo- 
camphor ml phomte was obtained in a state of purity. It melted 
at 159 — 160°, and crystallised in glistening, acicular needles. 

d'Eyo^cine hydrohromid-e was prepared from it, and found to 
crystallise with three molecules of water and to possess a specific 
rotatory power [a]jj + 23*1°, which corresponds with a value 
Ltt]D + 33-4° for the cZ-hyoscinium ion. For comparison, some of 
the maximum values recorded by previous observers for the latvo- 
salt are tabulated below. 



478 'king : KfifclOLTJTtOK OF HY 0 ??iCiN }5 AND ITS 


\-Uyoscine Hyd^'dbroTnide. 



[a]„ anhydrous 

[ot]o ionic 


salt. 

value. 

Schmidt^ 

^25-7° 

^32-5« 

Hesse® 

-25'9 

-32-7 

Thoms and WentzeP 

-26-76 

-32-6 

Carr and Reynolds* 

-26-0 

-32-8 

Willst&tter and Hug^ 

-26-0 

-32-8 

King* 

-25-9 

-32-7 

d-Hyoscine 

Hydrobromide. 


King’ 

-f26-3* 

+ 33-2“’ 


1 Arch. Pharm., 1892, 230 , 207. » J, pr, Chern,, 1901, [ii], 64 , 363. 

^ Ber., 1901, 34 , 1023. ‘ T., 1910, 97, 1330. 

® Zeitsch. physiol Ckem., 1912,79, 146. • P. 604. ’ P. 603. 

These values show that the purified ^hyo3cine hydrobromide of 
previous workers and the d-hyoscine hydrobromide now isolated 
for the first time represent one pair out of the eleven possible 
stereoisomeric hjoscines. 

On mixing equal weights of pure d- and /-hyoscine hydro- 
bromides and recry sfcallising the mixture from water, d^hyoscine 
hydrobromide, also crystallising with three molecules of water and 
in a form indistinguishable from the active components, was 
obtained. It differs from the active components in that it very 
readily effloresces and in that the base obtained from it is crystal- 
line and contains two molecules of water. For the further 
characterisation of these three related compounds, their auri- 
chlorides, aiirihramides, and •picrates were prepared. The results 
are shown in the following table: 


Base — 

f-Hyoscine. 

d-Hyosciiie. 

d^-Hyoscine. 

Appearance 

HjO 

P 

Syrup. 

Syrup, ' 

Prisms. 

2H,0 

38—40“ 

Hydrobromide — 




Appearance 

H^O 

M. p. (anhydrous) 
[“]b (anhydrous) 

Large rhombic 
tablets. 

SHjO 

193—194“ 

-25'9“ 

Large rhombic 
tablets. 
3 HbO 
193—194“ 

+ 26-3® 

Large rhombic 
tablets. 
3HjO 
181—182“ 

Picrate — • 




Appearance 

M. p 

Slender matted 
needles. 
187—188“ 

Slender matted 
needles. 
187—188“ 

Needles. 

173*6— 174-5^ 
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Z-Hyoscine, d-HyoBcine. di-Hyoscine, 


. AuricUoride — 

Appearance Needlesj both Needles, both Needles, one 

edges serrated, edges serrated, edge serrated, 
M. p 204-205’’ 204-205® 21A— 215® 

Auribromide-^ 

Appearance Chocolate-red — Chocolate-red 

leaflets. leaflets. 

M. p 187—188® — 209—210® 


Some of these call for further remark in view of the results of 
previous observers. The racemic base crystallising with 2 H 2 O is 
probably a purer form of Hesse's atroscine (Ber., 1896, 29 , 1776), 
which melted at 36 — 37°, and was obtained by fractionally crystal- 
lising commercial samples of hyoscine hydrobromide. It was 
obtained on one other occasion by Gadamer (Arch. Pharm., 1898, 
236 , 382), who gives the melting point 37 — 38°. The <:f/-hyo5cine 
hydrobromide agrees in its properties with those recorded by Hesse 
(Annaleii, 1899, 309 , 75; J. ]jr. Chem., 1901, [ii], 64 , 353). 

The pi crates have been recommended for identifying the 
mydriatic alkaloids by Carr and Reynolds (T., 1912, 101 , 949), 
who describe ?-hyoscine and r/?-hyoscine picrates as slender, matte<i 
needles melting respectively at 180—181° and 193° Neither of 
these melting points is in agreement with the results here recorded, 
which, however, do find support in the only two other record efl 
melting points of the picrates: Schmidt (Arch. Pharm.^ 1894, 232 , 
409) describes Miyoscine picrate as melting at 187 — 188°, and 
Fiunernore and Braithwaite (Pharvi. J., 1912, 89 , 136), from an 
examination of commercial samples of hyoscine hydrobromide of 
varying rotatory power, give figures which show that /-hyoscine 
picrate melts at 187 — 188° and i/Z-hyoscine picrate at 174 — 175°. 

The aurichlorides have been described by almost all previous 
workers on the hyosciues, bub there is complete disagi'eement 
between the recorded melting points. This is all the more sur- 
prising, as several workers have had in hand pure /-hyoscine hydro- 
bromide. To quote only two of these, Schmidt (.4rc^. Pharm.y 
1910, 248 , 641) states that /-hyoscine aurichloride of various 
origins has previously been shown to melt when quite pure at 
210—214°, whereas Hesse (/. pr. ChevK, 1901, [ii], 64 , 274) states 
that after many crystallisations he Jicver found any salt to melt 
above 198°. The melting points now recorded for the d- and 
Miyoscine aurichlorides are for salts prejiared in two different ways 
8-nd recrystallised to constant melting point. In substantial agree- 
ment with these values, Thoms and Wentzel (Bcr., 1901, 34 , 

23) give 204 °, and Finnemore and Braithwaite {Joe. dt.) record 
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several almost pur© commercial /-Kyoscine hydrobromides as furnish- 
ing aiiri chlorides melting at 200 — 204*^. 

Tropic Acid. The Acid CouHiiutni of Hyoscint. 

As has already been stated, Gadainer showed that ^hyoscine on 
hydrolysis with the base tropin© gave Wropic acid. This crude 
acid, on purification by rocrystallisation from water, gave ?-tropic 
acid melting at 125-“-126°, and having a specific rotatory power 
in water Gadamer regarded this as optically pure, 

since Ladenburg and Hundt {Ber., 1889, 22 , 2591) record the value 
[aln+7T4*^ for pure d-tropic acid melting at 127 — 128*^. 

Instead of employing a base for the hydrolysis, Z-hyoscine has 
now been hydrolysed by boiling with dilute hydrochloric acid, 
when a crude Mropic acid (m. p. 125 — 127°, was 

obtained, which on re cry stall is at ion gave /-tropic acid melting a I 
127—128° and having [aj^ -76° in water. As this rotation was 
numerically considerably greater than the value recorded by the 
aforementioned workers, it was necessary to repeat the resolution 
of tropic acid. 

A comparison of the results obtained with those of previous 
invedigalors is shown in the following table: 

Ladenburg and 


Quinine d-fcopatc — 

Kimdt. 

A menoiniyad 

King. 

M. p 

Mn 95 per cent, 
alcohol 

1S0-.1S7'’ 

18a--100" 

191-5- 192-.5® 

* 114® 

Quinine \-tropaU~- 




H. p 

[« ft 05 per cent, 
alcohol 

17S® 

184—185" 

185—186" 

-ur 

d -Tropic acid-- 




P 

[aji, water 

[oj„ alcohol 

127—128“ 

+ 714“ 

126-127® 

+ 71-3" 

128—129® 

+ 81-6® 
+71-8® 

I'Tfopic acid— 




M. p 

123" 

~65-r 


128—129® 

-81*2® 

[«]n water 

[bL alcohol 

126 

-72*7" 

1 

Arch. Pharm., 

1902, 240 , 501. 



It is at once seen that Ladenburg and Hundt's value [a],, + 71-4° 
is the value in alcoholic solution, Gadamer having regarded it as 
the value in water, as the aforementioned investigators were not 
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very explicit, merely stating that the specific rotatory power was 
x71‘4P in solutions of various concentration. 

As previous workers appeared to have experienced some difficulty 
in obtaining pure quinine Z-tropate from the mother liquors, a 
variant was made by converting the recovered partly resolved 
/-tropic acid into the quinidine salt. Further, by use of the two 
stereoisomer ic alkaloids quinine and quinidine, but commencing 
the resolution with quinidine, 55 per cent, of pure quinidine 
/-tropate was first isolated, then an 80 per cent, yield of pure 
quinine fi?-tropate, and simultaneously a 14 per cent, yield of pure 
quinine /-tropate. On reverting to quinidine, a further 19 per 
cent, yield of quinidine /-tropate was obtained. In this way, 
approximately 84 per cent, of the tropic acid was resolved into its 
constituents. It would, however, be probably an advantage, other 
factors being equal, to start the resolution with quinine and follow 
with quinidine, since experiment showed that, starting with 
quinine, 66 per cent, of quinine <f-tropate was obtained pure, and. 
as stated above, starting with quinidine only, 5.5 per cent, of 
quinidine /-tropate could be separated. 

It is interesting to note that previous attempts to use quinine 
and quinidine for the resolution of externally compensated acids, 
in the above sense, have not always been successful. Whereas 
Fischer, Scheibler, and Groh 1910, 43 , ‘2022) found that in 

the resolution of formyl -$-alan in e. quinine separated the Ixvo- 
component and quinidine the dextro-, Scheibler and Wheeler {Ber., 
1911, 44 , 2686) found that in the resolution of ^//deiicine the same 
tTvo alkaloids always gave the Isevo-acid first. This was also fhe 
experience of McKenzie (T., 1899, 75, 969) in the resolution of 
mandelic acid. 

0 seine. The Basic Hydrohftic Prod net of Hyoscine. 

There are numerous instances recorded in the literature of the 
hydrolysis of /-hyoscine by alkalis, but the basic hydrolytic pro- 
duct, oscine. CglTj^O^N, was invariably found to be devoid of 
optical activity, even in the presence of borates or strong acids 
(Gadamer, Arch, Phnrm., 1901, 289 , 322). The only occasion on 
which /-hyoscine has been hydrolysed by acids is recorded by Hesse 
[AnnaJen, 1892, 271 , 100), who carried out the hydrolysis with 
concentrated hydrochloric acid in a sealed tube at 80 — 100®. This 
furnished the base, oscine, but there is no record of its polari- 
niririe examination. 

To decide this matter, pure /-hyoscine has now been hydrolysed 
hy boiling with excess of 10 per cent, hydrobromic acid, the change 
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of rotation being followed polarimetrically. When hydrolysis was 
complete^ the ^-tropic acid was removedby extraction with ether, and 
the residual solution of oscine hydrobromide was found to be devoid 
of optical activity. As Tutin had shown that benzoyl-e^-Oscine on 
hydrolysis with hydrochloric acid gave d-mcim, the hydrolysis of 
Z-hyoscine was repeated, using hydrochloric acid, Again the oscine 
hydrochloride solution was inactive. As it was conceivable that 
the benzoylation of oscine might have eSected some fundamental 
change in the configuration of oscine, whereby the benzoylated pro- 
duct became externally compensated, and therefore capable of 
resolution, it was necessary to prove that oscine itself could be 
resolved into its constituents, d- and f-oscine. 

Several salts of oscine with optically active acids were prepared 
and examined. The salt with Reychler s camphorsulphonic acid 
was not obtained crystalline, but with ^-a-bromo-TT -camphor- 
sulphonic acid a markedly crystalline salt was obtained, which 
melted at 232—233®. This salt, however, proved to be a partial 
racemate. With 6?-a-bromo-j8-caniphorsulphonic acid, a very 
readily soluble, crystalline salt was isolated, but beyond recording 
a single rotation, it was not followed further, as ^/-tartaric acid 
was found to be eminently suitable for the resolution of oscine. 

The separation of* ^//-oscine into its two pure enantiomorphs can 
be effected by use of tartaric acid alone, the acid salts being 
used for this purpose in aqueous solution. The more sparingly 
soluble salt, which separated almost pure after two crystallisations, 
is \-om7ie ddiydro(/e72. fort rate monohydratr (m. p. 173 — 174®, 
anhydrous), which crystallises magnificently in clear tablets or 
octahedra. Employing 14 grams of oscine in combination with a 
like quantity of ^Atartaric acid, between 70 and 80 per cent, of 
this component was separated with no great difficulty. The 
d-oscme ddnjdrogen tartrate- contained in the mother liquors can 
be obtained pure either by isolation as the vioyiohydratc, a very 
readily soluble, metastable salt melting below 100®, or, preferably, 
as the stable anhydrous salt (in. p. 167—168®). The proportion 
of this salt obtained in a state of purity is largely a function of 
time, as it crystallises very slowly, but uncommonly well, in 
hexagonal-shaped tablets from the cold, syrupy mother liquors. 

\'0 seine, pieraie, hydrochloride, and hose were obtained without 
bringing into contact with alkali at auj stage, but this was found 
afterwards to be an unnecessary precaution, as /-oscine is not 
racemised by boiling with 10 per cent, acid or alkali, and only 
partly by saturated baryta at 150®. 

drOscine picraU, hydfochloride, and hast were prepared in the 
Uoua manner by liberating the base from the hydrogen tartrate 
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by a strong alkali. The properties of these salts as compared 
with the dl-Q^mQ salt® are shown in the following table: 


Base — 

d-Oacine. 

Oscine. 

d(E> Oscine. 

Appearaace 

Needles. 

Needlea. 

Needlea or tablets. 

M. p. • 

109—110® 

109—110® 

109—110® 

[a]o water 

-i-54-8® 

-52'4® 

— 

Picrate — * 

Appearance 

Dimorphous 
rliombs and 
needles. 

Dimorphous 
rhombs and 
needles. 

Flattened 

rhombs. 

M. p 

237—338° 

237—238® 

237—238® 

Hydrochloride— 

Appearance 

Warta composed Warts composed 

Warta composed 

of prisma. Very 
deliquescent. 

of prisms. Very 
dehqueacent. 

of prisms (anhy- 
drous), Tablets 
(hydrated). 

M. p 

[a]o in water of 

373—374® 

273—274° 

273—274® 

basic ion 

+ 24-0® 

— 24-2® 

— 


It is noteworthy that the active and af/-isomerides have the same 
melting points, and mixtures of the active with the dl show no 
depression of the melting point. In the case of the bases, the 
melting-point curve is thus of the same type as is found for the 
camphoroxiincs. 

By hydrolysis of benzoyl -^^-oscine, Tutin {loc. cit.) obtained a 
value for the d-oidnium ion of [a]p +129°,* which he regarded as 
only approximate. As this was very different from the value 
recorded above, it was necessary to repeat the resolution of benzoyl- 
oscine. Pure benzoyl-fi?-oscine hydrochloride was obtained having a 
value [a]u + 13'4° for the benzoyl-</-osciuium ion, in agreement 
with the value +12’9° calculated from the rotation of the bromo-. 
camphorsulphonate. This hydrochloride was submitted to hydro- 
lysis by acids and alkalis. In both cases the result was the same, 
a solution being obtained which, on removal of benzoic acid, gave 
values [a]p + 26'0° and [a]jj + 25 ‘8°, by acid and. alkali hydrolysis 
respectively, for the if-oscinium ion. Moreover, the hydrochloride 
and picrate were isolated from the product of acid hydrolysis, and 
the properties were in agreement with the /f-oscine salts obtained 
by the tartaric acid resolution of oscine. 

Interpretatiofi of Results. 

The question now arises, which of the eight possible optically 
iictive stereoisomeric hyoscines do and f-hyoscine represent? 

* Tutin gives the value having overlooked the loss of the benzoyl 

group. 



484 king: the eesolhtion of hyoscinb and its 


The various possibilities are shown in the following table, the 
centre column representing optically pure forms, which, combined, 
as shown by the arrows, yield partially racemic forms : 


Partial racematca. Optically pure forms. 

1. ^-ti'opyl-d-oscine . 

0 . di-tiopyl-d- 

oscine 


/- 


2. /-ti'opyl-^-oscine 


6. d/-ti‘opyl-/- 




oscine ' 3, (i-tropyl-(^oseiiie ' 


i. d-tropyl-Z-oscine ' 


Partial racemates. 
7. 

oscine 


8. d-tropyi-dl- 
. osciuu 


Of these, 1 to 6 are at once excluded, since ^hyoscine on hydro- 
lysis with acid or alkali gives ^tropic acid and (/^-oscine, whereas 
benzoyl ^^-oscine under similar conditions yields optically pure 
f/-oscine. On these grounds, I- and (/-hyoscine, represented by 7 and 
8, are therefore partially racemic esters, Z-hyoscine being a mole^ 
cular combination of ?-tropyh6?- oscine and Mropyl-^oscine, whilst 
6?-hyoscine is a similar combination of c^-tropyW-oscine and 
f/-tropyl-Z'Oscine. 

The known inactivation of 2-hyoscine by alkalis would, on this 
basis, simply consist in the change of configuration of the tropyl 
portion of the molecule, probably through the intermediary of the 

CHg'OH CH,*OH CH^’OH 

I I OR I 

Ph-o-co3 Ph-u:c<XT; ^ Ph-c-H 

1 ” I 

H COjR 


enolic form, and each constituent ester of the partial racemate 
should give rise to a new ester. 

In support of this, some work, which is reserved for future 
publication, on' the re-resolution of racemised i^-hyosciue has 
resulted in the isolation of two esters only, d- and /-hyoscine, which 
is not surprising, as these, being partial racemates, would contain 
the four expected optically pure forms. 

As opposed to the partial racemic ester nature of d~ and 
Z-hyosciues may be cited the rarity of the occurrence of partial 
racemates in nature, and the novel behaviour of the hyoscines 
towards ^^-bromocamphorsulphonic acid, which, so far as ^^-hy oscine 
is concerned, only resolves dl or weakly active hyoscine as far as the 
partially racemic ester stage. Although this behaviour is, as far 
as it has been possible to ascertain, unique, it is only necessary to 
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recall that ia the early days of the application of Pasteur's methods 
of resolution the formation of partially racemic salts was only 
rarely observed, whereas at the present time it is recognised as of 
very frequent occurrence. 

At the present stage of the investigation there seem to be only 
two other possible alternatives, both of which appear rather remote, 
lu the first place, d~ and ^hyoscines may be optically pure forms 
which, owing to some specific effect of the tropyl group, 3 deld 
^//-oscine on hydrolysis, or, secondly, oscine may possess a different 
configuration in the tropyl ester from that in the benzoyl ester and 
in the free state, whereby the tropyl group is attached to an 
internally compensated ^-oscine, which, on hydrolysis, gives rise 
to a resolvable oscine. 

if^Hyoscine raises a further difficulty, for there are three possible 
^//-hyoscines, as is shown by the following arrangement: 


Double 
rufcniate C. 


Optically pure forms. 
7'tropyl-Z-oscine 

(Z-U'opyl-d-osciiie 

— < 

/-tropyl-d-oscine 
//-tropyl- ^-oscine 



Eaoemates. 

f//-tropyIoscine 



d/-tropyloscine 


A. 


B. 


The optically pure forms may be combined in pairs, as indicated, 
to form two different simple racemates, A and B, or all four forms 
may be combined to form a double racemate, €. On the accepta- 
iioti of the partial racemic ester nature of d- and f-hyoscines, 
7/- hy oscine hydrobromid© crystallising with three molecules of 
water, and obtained by crystallising together equal weights of d- 
and /'hyoscine hydrobromides, constitutes a double racemic salt, 
the absence of any indication of the presence of another salt and 
the identical crystalline appearance of d- or /-hyoscine hydro- 
bromide and this salt supporting this view. Moreover, the base 
crystallising with 2Hj|0 is the base contained in this dl-salt, as 
both give the same picrate. 

As has already been indicated in the opening paragraph, there 
IS another hydrate of racemic hyoscine base, containing IH^O and 
melting at 56— 57°, It was first obtained by Schmidt {Arch. 
Pharni., 1894, 232 , 409), was re-examined by Luboldt (ibid., 1898, 
236, 11), and more fully investigated by Gadamer {ihid.y 382). 
^he last-named investigator showed that the dibydrate can readily 
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be converted into the monohydrate, but the reverse change was 
only effected with difficulty. Both hydrates were afterwards 
described by Hesse (/. pr. Chc»i., 1901, [ii], 64 , 353), who could 
not substantiate Gadamer’s claims. In reply, Kuiiz-i^rause {iUd,^ 
1901, [ii], 64 . 589) examined Gadamer’s three-year-old specimens, 
and the dihydrate had in every case changed into the base (m. p. 
54—55°). 

The author has not, so far, been successful in obtaining this 
monohydrate, so is unable to state with certainty what is the rela- 
tion between these two racemic hydrates from the point of view 
of the partial racemic ester nature of d- and ?-hyoscine. 

The bearing of these results on the structural formula of oscine 
deserves a passing notice. The most recent and most complete 
formula is that put forward by Hess (Ber., 1918, 51, 1007), who 
ascribes to oscine the structure 

HH— C CH-OH 

/ I I 

CH< iNMe 
H4 \CH“C < 

0 

where the linking a is regarded as being probably attached to one 
of the carbon atoms of the piperidine nucleus. The experiment? 
on the stability of the active oscines towards racemising agents 
certainly support this linking. Pyman and Reynolds (T., 1908, 
98, 2077) have pointed oat the close relationship which exists 
between tropine, oscine, and teloidine, all of which contain eight 
carbon atoms and a hydroxyl group in the molecule. Moreover, 
their acyl derivatives are found together in Datura meieloides. 
The author is tempted to make the suggestion that, like tropine, 
the oxygen atom in question in oscine is attached to the y-position 
in the piperidine ring. Oscine would therefore be the internal 
anhydride of a trihydroxy tropine, and this trihydroxy tropine may 
be teloidine. The fomiulse suggested are: 
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/\ 

h\ 


H— 

H— ^ 


OH 

^7oir/\ 
Z 1/ H 


N H 

Me 

Teloidiue f 


Teloidine would thus be internally compensated, and in support 
of this view may be cited the occurrence of meteloidine (tiglyl- 
teloidine), in nature devoid of optical activity, and the non-resolu- 
tion of meteloidine by bromocamphorsulphonic acid. Further, 
Hess (loc. ctL) observed that dihydro-oscine, which undoubtedly 
has the formula 

CH CH-OH 

CH,/ NMe I 

CH,*-CH CH'OH 

readily produces a silver mirror when treated with ammoniacal 
silver nitrate solution. The author Ends that teloidine and 
meteloidine, unlike oscine, also readily reproduce this characteristic 
of dihydro-oscine, the reducing property being probably associated 
with the adjacent hydroxyl groups, as is found in tartaric acid. 


Experimental. 

/Resolution of Tropic Acid. 

11' A Following the method described by Ladenburg 

and Hundt {Btr., 1889, 22 , 2591), tropic acid (25 grams) was 
neutralised to litmus with quinine base (48-8 grama anhydrous) 
m hot 50 per cent, alcohol. A 49 per cent, yield of a quinine 
tropate separated. It melted at 176—179°, and had [alo -126° 
a 9a per cent, alcohol (cr=l). For further purification it was 
tecrjstalUsed from 95 per cent, alcohol, and, after five crystalhsa- 
ons, 17 grams of quinine if-tropate were obtained pure. By 
wirlung once more through the mother liquors, a further 7-4 grams 
» pure salt were obtained without difficulty. These two separations 
^billed represent 66 per cent, of the dextrocomponent. 

Sluiniue (f-tropate crystallises from 8 parte of boiling alcohol in 

'Ol^cxv, 
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groups of radiating neodles. In water it is very sparing soluble. 
It melts at 191-5~192-5° (195‘5— 196-5° corr): 

0-1035, dried at 100°, gave 0-2706 COg and 0-0633 H 3 O, 
C=71-3; H= 6 -S. 

requires C-7r0; H = 7-0 per cent. 

The specific rotation wag determined in 95 per cent, alcohol. 
c-TOl; Z= 2 -dcra,; ap-2°18/; [a]jj -113-8°. 

In absolute alcohol the rotation is smaller. 

envois ; J-2*dcm.; ap-2°6-4^; [a]jj-104-0° 
c = 1-002; ; = 2-dcm. ; aj,-2°5-4^; [a]^- 104*3°. 

As previous observers appeared to have experienced some diffi- 
culty in obtaining quinine /-tropate in a state of purity, no attempt 
was made at this stage to isolate this salt. The mother liquors 
were therefore combined, and the tropic acid containing excess of 
the Isevo- component was recovered. Small test samples were con- 
verted into the neutral salts -with brucine, cinchonine, and quin- 
idine, but although the two former gave crystalline salts, the 
crystallising power of these was not so pronounced as the salt with 
quinidine. Accordingly, 3-5 grams of this partly resolved tropic 
acid were crystallised as quinidine salt, when 4*2 grams of quinidine 
^tropate were obtained of constant specific rotatory power. 

Eesolution with Quinidine and^ Qvinine^ — (f^Tropic acid (15 
grams) was neutralised with quinidine dissolved in 50 c.c. of 95 
per cent, alcohol. On keeping, 22 grams of crystalline material 
separated. It was obviously a mixture, and had [ajj^ -f 151° in 
95 per cent, alcohol (c = 2). After four crystallisations, the specific 
rotation was constant at [ajj;, +145°, and the collected quinidine 
?-tropat 6 amounted to 5-5 grams. 

Quinidine Vtropate crystallises from 95 per cent, alcohol, in 
which it is soluble in its own weight at 80°, in clusters of well- 
formed, stout, transparent prisms containing one moleciUle of 
water. These exhibit a pronounced heliotrope triboluminescence 
-when powdered in the dark. The air-dried salt "when heated in a, 
capillary tube shrinks from about 110 °, liquefies between 118° and 
120 °, and effervesces at 124°. When, however, it is exposed on a 
watch-glass to a temperature of 90°, it melts completely, and 
crystallises again on addition of alcohol : 

0-2038, air-dried, lost 0-0069 at 100°. H^O=3-4. 

01029 „ gave 0-2590 CO. and 0-0672 H.O. 

H=7*3. 

C 2 oH 3402 N 2 ,CjHmOs,,H 20 requires HoO-3-5; C- 68 ' 6 ; H-71 
per cent. 
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Ite ?p«pific r9fc8«tipj; deteripined iu 95 per cent, alcohol, and 
iji dependent on the concentration. 

(; = 0'979; /=2-dcin.; aj, + 2^55'2/; [a]^, + 149-P. 
tf = l*995; /!=2-dcjn.; au + 5°46'5^j [a]i, + 144’7°. 

The mother liquors were worked up further, and gave an addi- 
tioual 7-2 grams, [a]u +146°. This is approximately a 55 per cent, 
field of quinidine ^*tropate. As the liquors now showed no 
:eudency to crystallise at all readily, they were combined, and the 
tropic acid was recovered by use of ether and hydrochloric add 
per cent.). On now crystallising as the quinine salt, after 
three crystallisations, 14‘8 grams of quinine d-tropate were obtained 
pure, [o]d -114° (c = l), and a further 2’8 grams with [a]j, —115°. 
The first mother liquors on concentration deposited quinine 
f-tropate as a homogeneous crop (4 '8 grams) of glistening, tri- 
angular plates having [a]jj —139°, and melting at 184 — 185°. It 
was recrystallised twice from 95 per cent, alcohol, the specific rota- 
tion remaining constant at [a]u -140’ 7° and the melting point at 
185—186°, but the form of the crystals changed to needles very 
similar in appearance to quinine d-tropate. 

Quinine ^-tropate melts at 185 — 186° (189 — 190° corr.), It is 
veiy much more readily soluble in hot alcohol than is quinine 
(fdropate. The diverse crystalline forms described above do not 
ustitute a ease of dimorphism, but merely represent extreme 
ystalline forms. By suitably modifying the conditions of crystal- 
sation, a series of intermediate forms may be obtained consisting 
f more or less elongated trapezoidal plates. Unlike quinine 
■tropate, this salt exhibits a very faint triboluminescence, the 
itensity of which is not visibly affected by the form of the 
rystals ; 

(}'1Q83, dried at 100°, gave 0'2817 CO^ and 0'0668 H.O. 
C3=71'0; H = 6-9. 

C 2 oB 2402 N 2 ,CgHj(j 03 requires C=i71‘0; H,~T’0 per cent. 

The tropic acid contained in the residual liquors was recon' 
Terted* into the quinidine salt, when 4*3 grains of quinidine 
Uropate were obtained, having [a]p +145°. The residual solution 
not further examined. 

By the use of the two bases (juiiiidiue and quinine, there were 
tka isolated iu an approximate state of purity 88 per cent, of 
•lumine and quinidine ^t^opateR and 80 per cent, of quinine 
^'tropate. The proportion of tropic acid resolved is 84 per cent. 
Quinidine ^/-tropate was not isolated, but, on keeping iu the ice 
a small crop of white, woolly needles separated from the 

U 2 
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mother liquors (together with quinidine ^tropate), which was 
probably this salt in an impure condition. 

d-Tropic Acid. 

Pure quinine (f-tropate (16 grains) was acidified with 50 c.c. of 
5 per cent, hydrochloric acid and completely extracted with purified 
etier . The crude acid so obtained (5 • 1 grams) melted at 

127— 128°, and had [o]u+77-2° in water (c = l). On recrystah 
lisation from water, the melting point rose to 128 — 129°, and the 
rotation to [aj^ + 79°. After two more crystallisations, the melt- 
ing point remained unchanged, but the rotation rose to 
[o]jj +8P6°. The yield was 3T grams. 

«7-Tropic acid crystallises from water in delicate, lustrous scales, 
which become transformed on keeping in contact with the solution 
into elongated prisms of hexagonal cross-section. Both forms melt 
at 128 — 129° (129 — 130° corr.) and are anhydrous: 

0*2014 was equivalent to 11‘9 c.c. iV/ 10-baryta. 

M. W. = 169. CjHjoOg requires M.W. 166. 

The specific rotation was determined in alcohol and in water. 

In water: 

(r::.l*027; ?-2-dcm,; [a]^ +81*6°. 

In absolute alcohol; 

c=0-997i /-2-dGm.; ajj+l°24-2'; [a]D+70*3°. 

c-2-472; f-2-dcm.; au + 3°33T'j [a]j, -f-Tl*8°. 

The specific rotation of the ion was determined by dissolving 
0*200 gram of c?-tropic acid and 0*0638 gram of anhydrous sodium 
carbonate in water and making up to 20 c.c. The dissolved carbon 
dioxide was not removed ; 

^=2-dcm.; a-fl°22'9^; [a]jj for ion + 69'4°; [M]j, for ion + 114‘7° 
Gadamer {Arch. Pharm., 1901, 239, 294) has previously noted a 
fall of rotation of 1- tropic acid on converting into a salt, but has 
not followed it quantitatively. 

\-Troinc Acid. 

From Qmmd^nt VTropait. — Four grams of pure quinidine 
^-tropate, on treatment with hydrochloric acid (10 per cent.) and 
extraction with ether, gave 1*35 grams of /-tropic acid, which^ 
after three crystallisations from water, gave 0’5 gram melting at 

128 — 129° (129 — 130° corr.). The specific rotatory power was 
determined in water, and was slightly less than that of the purest 
fAtropic acid: 

c-0*995; U2-dcin.; [a]i,-81’2°. 
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From Qidmne VTropate.^b'S Grains of this salt gave 2‘0 grains 
of ^tropic acid, which was recrystallised four times from water, 
giving 1*35 grains melting at 128 — 129°, and with a specific rota- 
tion — 81*2°: 

c- 1 - 002 ; ^= 2 -(lcm.; aj,-l°37-6^; [a]o'-81-2°. 

/-Tropic acid prepared in this way had the same general proper- 
ties as the dextro-acid. It is very sparingly soluble in cold benzene, 
but freely so in cold methyl ethyl ketone or ethyl acetate. From 
the latter solvent, it crystallises exceedingly well in clear tablets: 

O' 1975 was equivalent to 11-72 c.c, .Y/ 10 -baryta. 

M.W. “108. requires M.W. = 166. 


The Fesolntion of 

Portiof Fnremafe v'ifh d-a-Bromo-Tr-campItorsuJpJionic 
Two and a-half grams of oscine were converted into this salt, which 
was very conveniently recrystallised from absolute alcohol. The 
fust crop of crystals w^eighe^l 4'9 grams, melted at 232°, and gave 
jc]p - h«^ 8 ' 8 ° in water (c — 2). It was recrystallised twice more 
from absolute alcohol, yielding, finally, 3 ' 6 grams melting at 
532 — 233°. The specific rotation determiiied in water was prac- 
tically unchanged : 

cr-2-001; /-2-dcm.; ap+2°22'l'; [a]^ -{- 59'3° ; [M]p -i- 276'7°. 
The value for the molecular rotation 276-7° is in good agreement 
with the molecular ionic value 278*7 for bromocamphorsul phonic 
acid (Pope and Read, T., 1910, 97, 2200). 

dl-Oscine d-a-hrfmo-v-caoiphorfiolpJtonatr. crystallises exceed- 
ingly well from absolute alcohol in clear, diamond -shaped plates. 
Ten parts by volume of boiling absolute alcohol are required to 
feolve one part hy ^veight of the salt. It melts at 232 — 233° 
;'237— 238° corr.): 

0*0995, dried at 100°, gave 0-1703 CO 5 and 0-0526 HoO. 
C=:46-69; H = 5'91. 

requires C=46'34 ; H = 6‘05 per cent. 
Behavimir with d-a-Bromo-^-campJiorsvlphojuc Acid. — Six and 
ihalf grams of oscine 'were combined with an equivalent of 
</-a-broTno'jS-camphorsulphonic acid. The salt could not be 
obtained crystalline either from water or from a mixture of ethyl 
acetate and absolute alcohol. A very concentrated solution of the 
5alt in absolute alcohol, however, crystallised as a cake of needles 
keeping for a prolonged time in the ice-chest. It was too readily 
soluble for systematic fractionation from absolut-e alcohol, and the 
lidition of dry ethyl acet-ate unexpectedly prevented crystalHsa- 
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tion. The first crop of crystals from absolute alcohol "was collected, 
and weighed 8' 7 grains. It melted at 150 — 155°, and its specific 
rotation was determined in water; 
c = 2-00; ?=2-dcTn.; aj,+2°27'4^ [a]j,+61'4°; [M]ij+286'3^ 

This product was recrystallised from absolute alcohol, but in 
the meantime tartaric acid had effected the resolution of oacine 
quite simply, so the investigation of the above salt was dis- 
continued. 

With Camphor-^-sid phonic Acid. — Attempts to crystallise this 
salt were ineffective. 

Resolution hy A-Tartanc Acid , — <^-Oscine (13*9 grams) was con- 
verted into its (7-hydrogen tartrate by addition of 13*5 grams of 
(7-tartaric acid in aqueous solution. The solution was concentrated 
to a low bulk, and gave 13*8 grams of a salt crystallising in 
hexagonal plates and with a specific rotation 4-3'5° in water. 
After one more crystallisation , it gave 10*2 grams and had 
[a]^ +1*1°, This value was not appreciably altered by subsequent 
repeated crystallisation, and represents the optical constant of the 
salt 7-oscine (7-hydrogen tartrate. 

\-0 seine A-hydroyen iartraie crystallises with onO molecule of 
water of crystallisation in large and clear octahedra. Very often 
these have a flattened appearance, and, more rarely, diie-half the 
faces may he almost entirely suppressed, with the formation of 
tetrahedra. Unbroken crystals melt at 134° with efferv’^esceiice, 
but when powdered partly melt at about 130° and' gradually 
liquefy up to 160°. The anhydrous material melts at 173 — 174° 
(176*5 — 177*5° corr.). It is readily soluble in cold water, but the 
crystals can be washed with 50 per cent, alcohol with little loss, 
^From dilute alcoholic solutions, this salt tends to separate as an 
oil *. 

0*3126, dried at 105°, lost 0-0181. H20 = 5*8, 

requires per cent. 

01159, dried at 100°, gave 0*1996 COg and 0*0690 H.d. 

C = 47-0; H=6*7. 

^8^18^2NAH60(5 requires C=47*2 H = 6‘3 per cent. 

The specific rotation was determined in water: 

r-2-007; 7=.2-dcra.; aj,+2*56^; [a]D+l‘06°. 

The average value, for nine different samples of the pure salt, of 
[o]jj was +1*29°, the extremes being +0*93° and +1*56°. Taking 
this average value for [a]^, the molecular rotation [M]p is calcu- 
lated as +4*18°, and employing Landolt’s value (ifcr., 1873, 6, 
1075) for the molecular rotation of ammonium hydrogen tartrate, 
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4-42’84®, the value for the /-oscinium ion is [Mjj, — 38'66®, whence 
W„-24'7°. 

On continuing the fractionation of the mother liquors, 71 per 
cent, of the ?-oscine ^-hydrogen tartrate present was isolated in a 
state of purity. The separation was materially accelerated by 
inoculation of the less mobile solutions, followed by addition of 
alcohol in insufiBcicnt amount to precipitate an oil. The residual 
solutions, now relatively rich in ctoscine ^7-hyd^ogen tartrate, were 
concentrated to a syrup, and, on allowing to remain in a desiccator 
exposed to a dehydrating agent, crystallised as a striated mass of 
crystals. These were collected, freed from the adhering syrupy 
mother liquor, first by suction and then by very limited use of 
50 per cent, alcohol as a washing agent. The salt was a mono- 
hvdrate, and gave [aj^ +23‘7^. It was recrystallised from water, 
and separated under similar conditions as a felted mass of needles. 
These now gave [ojj, +27'3'^ (anhydrous). 

^-Osidfie d-hydrogen tartrate mmohyd/i'ate melts from 55° to 
65°, forming a meniscus at the latter temperature. It readily 
effloresces when exposed to the atmosphere, and when dehydrated 
ill a vacuum over sulphuric acid loses its water of crystallisation. 
The anhydrous material still melts at 55 — 65°. This is probably 
the melting point of an amorphous form, as, on keeping, it acquires 
the melting point of the crystalline anhydrous salt, namely, 
163—165° (see below). 

Three different samples of the salt were analysed for their water 
I'ontent. The first, representing a freshly collected salt, gave the 
following result: 

0*4502, dried over H2SO4, lost 0*0320. H.p-T-l; 
and a salt which showed some signs of efflorescence gave the 
following : 

0-2023 lost 0*0091. HoO-4*5. 

CgHj302N,C4Hg0g,H20 requires per cent. 

On keeping for some time, this salt had completely effloresced : 

0-1180, dried at 100°, lost nil. ^ 

0*1180, dried at 100°, gave 0'205o CO^ and 0-0649 H.>0. 
0 = 47-5; H=6*15. 

CgHj302N,C4HgO(, requires C -47-2; H.~ 6*3 per cent. 

The s])eciric rotation of the flehydrated salt was determined in 

water : 

c=0*949; Z:=2-dcTn.; [a]o+27*3° 

When the hydrated salt is washed with absolute alcohol, it is 

tran!5fonned into a white, crystalline powder, which is the 
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anhydrous salt and the stable form at the ordinary temperature. 
When crystallised from water, the anhydrous salt separates from 
a syrupy solution very slowly in large, hexagonal-shaped tablets, 
which, unlike the hydrated salt, can be washed freely with 60 per 
cent, alcohol. If a syrupy solution is inoculated with a trace of 
both forms, hydrated and anhydrous, the hydrated form crystal- 
lises first, filling the liquid space, and, on keeping, disappears 
entirely, being replaced by the stable, anhydrous form, For the 
isolation of pure r/-oscine <f-hydrogen tartrate, the latter form is 
the more convenient. The process is, however, very slow, owing 
to the solubility of fi-oscine rf-hydrogen tartrate and the slow 
velocity of crystallisation from viscous solutions. 

d-Of! cin.fi di’hjdTogen tartrate melts at 167 — (170 — 171'^ 
corr.). 

The specific rotation was determined in water and for a salt 
which had been crystallised to constant rotation: 

c^l-016; /-2-dcm.; ct+34'; [ajj, + 27-87*^; [M]^, +85'17o 

This gives a value +42-3° for the molecular rotation of the 
rf-oscinium ion and [a] + 27d0°. This is somewhat greater 
numerically than the value [a]p - 24*7 obtained by a similar calcu- 
lation for the ?-oscinium ion. As this is beyond the limits of 
experimental error, it is probably another example of the pheno- 
menon first drawn attention to by Pope and Read (T., 1912, 
101 , 760), who show conclusively that the molecular rotatory 
power in aqueous solution of certain salts of the type ?-base ^-aeid 
is in agreement with the value calculated from the separate ions, 
but that the combination <7- base cf-acid gives an abnormal value. 

\-Oscine Picrate.—Six grams of pure Toscine <f-hydrogen tartrate 
were added to a boiling saturated solution of 4' 25 grams of picric 
acid in 80 c.c. of water. As the solution cooled, the major portion 
of the salt crystallised in long needles, but when only luke-wann 
a denser form appeared in the shape of small, modified rhombs. 
The yield was 6*35 grams and the melting point 237° (decomp.). 
The combined product was recrystallised from 35 c.c. of hot water 
and, on removing the source of heat, separated at once in long, 
glistening needles. These were collected while the solution ms 
stiil warm, the filtrate continuing to deposit solely needles for 
some time, and then rhombs. The filtrate was heated to dissolve 
all the crystals, and when cold only deposited the rhomb -like form 
ot crystal, which closely resembles dUmcme picrate. The yield of 
needles was 4-95 grams, melting at 237—238° (decomp.) 

corr.), whilst the rhombs amounted to 0‘95 gram, 
and also melted at 237-238° (decomp.). Both forms are 
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jihydrous, and either form when mixed with fascine picrate, 
phich itself also melts at 237 — 238®, shows no depression of the 
netting point. At the ordinary temperature, the needle form of 
licrate is certainly the unstable one, as is readily shown by adding 
I drop of saturated picric acid solution to a few small crystals of 
-oscine cf-hydrogen tartrate and rubbing with a glass rod. The 
crystals dissolve instantly, and a homogeneous crop of needles first 
jiakes its appearance, followed quickly by minute rhombs, and in 
1 short time the needles will have entirely disappeared, their dis- 
integration and solution being readily followed with the aid of a 
microscope. This behaviour is useful as a test as to whether one 
is dealing with active or c^^oscine salts, since ^^/-oscine picrate has 
always been observed to separate in small, flattened rbombs. 

l^Oscine Hydrochloride . — Four grams of /-oscine picrate (needle 
form) were decomposed by shaking with three molecular proper- 
Uons of 5 per cent, hydrochloric acid, and the piaric acid was 
removed by ether. The solution of the ^-oscine hydrochloride was 
completely dehydrated by repeated evaporation to dryness with 
absolute alcohol, leaving, finally, a white, crystalline powder, which 
was dissolved in 10 c.c. of boiling absolute alcohol. On keeping, 
/-oscine hydrochloride separated in aggregates of small prisms in 
the form of warts ; a few isolated prisms were also present. The 
product was collected, and amounted to 1'4 grams. It melted and 
decomposed at 273 — 274® (281 — 282® corr.). A mixture with 
(ff^scine hydrochloride (m. p, 273—274®) also melted at the same 
temperature. Unlike dZ-oscine hydrochloride, the laevo-sailt is very 
highly deliquescent. A direct comparison of the two was made by 
exposing a few crystals of each on watch-glasses to the atmosphere. 
In a few minutes, the Jaevo-idXi had completely liquefied, whilst the 
(IksM was apparently unaffected. On keeping for an hour, how- 
ever, the latter showed signs of deliquescence, and the deliquesced 
recrystallised in well-formed tablets melting partly at about 
30®, and probably representing the monohydrat.ed rf/-oscine hydro- 
bloride described by Luboldt (Arch. Fhann,^ 1898, 236 , 18). 

The specific rotation of /-oscine hydrochloride was determined 
n water, employing a sail which had been dried at 100° : 

' = 0-997 ; /=2-dcm.; o = -23'6/; [ 0 ]^,- 19-71®; [Mjj, - 37-76®; 
whence [aj^, for the /-oscinium ion is •-24-2®, whereas the value 
calculated from the molecular rotation of /-oscine (^hydrogen 
Ui'trate was —24-7®. 

l-Oscine Hydrochloride from \-0 seine Ficratc (Rhomhs ). — As 
kas been indicated above, d/-oscine picrate and /-oecine picrate 
at the same temperature, and the stable modification of 
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;-osciii6 picrate crystallises very similarly to dt-oscine piciat«. It 
was therefore necessary to prove that this stable form of f-oscine 
picrate did actually contain the active base. Accordingly, C'5 
gram of f-osoine picrate (rhombs) was converted as quantitetively 
as possible by means of ether and three molecular proportions of 
A/lO-bydrochloric acid into f-osciiie hydrochloride. The solution 
was concentrated somewhat and made up to 20 c.c. In a S-dem. 
tube the observed rotation was a,, -25-3', from which it is calcu- 
lated that the f-pscinium ion has [o],, - 21°, a value in good agree- 
ment with that observed directly for /-oscinium hydrochloride. 
The solution was then dried, and the hydrochloride recrystallised 
from alcohol. It gave OTl gram of highly deliquescent f-oscine 
hydrochloride melting at 371-212“, and when tested with satu- 
rated picric acid solution gave the unstable needle form of f-oscine 
picrate, changing into rhombs. 

VOuim -To avoid the action of alkalis, which it was 

thought might cause partial racemisation, /-osciue base was pre- 
pared as follows. /-Oscine picrate (4-75 grams) was treated with 
three e<^uivalents of dilute sulphuric acid solution, and the picno 
acid removed by purified ether. After treating with charcoal to 
remove the last traces of picric acid, the solution was concentrated 
under diminished pressure to about ^0 c.c., and excess of pure 
barium carbonate added. On allowing to remain overnight, the 
solution was free from .sulphauion, and only contained f*osciue 
partly present as carbonate. The major portion of the f-oscine was 
readily removed by extraction with freshly purified chloroform, the 
remainder being retained by the dissolved carbon dioxide. "Wlien 
the latter solution was evaporated to dryness in a vacuum over 
sulphuric acid and redissolved in a little water, the rest of the 
oscine was readily extracted by chloroform. In this way, the 
/-oscine was recovered quantitatively as base. The first chloroforn) 
extract ou complete removal of the solvent crystallised at once. 
The product was white and amounted to 1'45 grams. It had a' 
specific rotatory power of [a]p"52*8° in water. It melted at- 
109—110'^, the same as rf/-oscine, whilst a mi.xture of the two 
showed no depression of the melting ptJint When recrystallised 
from light petroleum, it separated in long needles. The meltiBg 
point was unchanged at 109'5— 110'5° (corr.). 

The specific rotatoiy power was determined in water; 

c-l'OlOj ?=‘2-dcm..; a-F3-6^ [a]D-52'4®. 

With Mayer’s reageiit (potassium mercuric iodide), ^-oscine base 
gives no precipitate, but in the form of a salt it gives a crystal- 
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liue pr^pit^te. TJije pres&uce of a slight excess of acid prevents 
the separiifcion pf crystals. t^Z-Oscine behaves similarly. 

Aci^ofi- of Adds and Alkalis on \-Oscine . — A solution of 0’2 
gram of Z-oscine in water having an observed rotation of 
flp— l®r7^ in a 2-dcra. tube was treated with one drop (0-04 c.c.) 
of 50 per cent, potassium hydroxide solution, After nineteen 
hours, the observed rotation was unchanged, Oq-PI’S'. 

The same solution was heated on the boiling- water bath for an 
’■our. At the end of this period, the rotation was still — Pl•7^ 
ive c.c. of 50 per cent, potassium hydroxide were now added, and 
ae solution was boiled for an hour. Making a correction for the 
liange in volume, the observed rotation was unchanged, 

'his means that 0'2 gram of Z-oscine was not racemised by boiling 
or an hour with excess of 10 per cent, potassium hydroxide 
olution. 

There was, however, partial racemisation when 0*2 gram of 
oecine was heated with 15 c.c. of saturated baryta solution for 
bur hours at 150°, the value of having fallen to about one- 
aalf its original value. 

The action of boiling 10 per cent, hydrobromic acid also failed 
to racemise Z-oscine, for 1 gram of Z-oscine fiZ-hydrogen tartrate in 
30 C.C. of 10 per cent, hydrobromic acid had an observed rotation, 
ajj-21'1^, in a 2-dcm. tube, and after three hours' boiling the 
rotation was practically unaltered, ap-22■6^ 

A'Oscine Base.— One gram of pure ^Z-oscine <Z-hydrogen tartrate 
was dissolved in 10 c.c. of 5 per cent, sodium hydroxide solution, 
aad the base extracted with purified chloroform. The combined 
extracts were clarified by shaking with anhydrous potassium 
'nrbonate, filtered, and the solvent removed by distillation. The 
jsidual base crystallised instantaneously throughout on touching 
Despot with a glass rod. A similar very high velocity of crystal- 
isatiou had previously been noticed with the chloroform-free 
izcw-oscine base. It was crystallised from light petroleum, and 
eparated in long, radiating needles, often forming fasciated 
growths. It melted at 109—110° (lOO'O—llO-o*^ corr.), and a 
fixture with pure dl-osdne also at the same temperature. 

Its specific rotation was determined in water : 

c- 1*029; Z=2-dcnL; -hP7-6'; [a]i, -f- 54-8°. 

d Oixhic Picrate. — ^The solution of the base which had been used 
or determining the rotatory power w'as treated with an equivalent 
'^picric acid (0‘3 gram) and rapidly concentrated to about 10 c.c. 
allowing to cool, long, radiating, glistening needles of tZ-oscine 

u* 2 
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picrate (O'S gram) separated. These melted at 237-238° 

p42-5 243*5® corr.). Tte motlier liquors were concentrated, 

and, when quite cold, the stable dimorph separated in small, 
flattened rhombs exactly as observed in the case of f-oscme picrate. 
This form also melted at 237-238°. A mixture with <f-oscine 
picrate, obtained by acid hydrolysis of benzoyh^f-oscine, also melted 
at the same temperature. 

d-Oscine H^/drocMoride.-To complete the analogy with the 
/ae^;o-series, this salt was prepared and its specific rotation deter- 
mined. For this purpose, 0-2078 gram of 7-oscine base was 
neutralised with the calculated quantity, 13-4 c.c., of A/lO-hydro- 
chloric acid, and the volume made up to 20 c.c. In a 2-dcm. tube 
was found a„ SO'l', whence [ 0 ]^ for the (7-osciniuin ion is +24-0°, 
a value in agreement with [a]i, -24 2° observed for the f-oscinium 
ion. 

The solution just employed was evaporated to dryness and the 
residue crystallised from absolute alcohol, when ^-?-oscine hydro- 
chloride separated in warts with a few isolated jnisms. The melt- 
ing point was 273 — 274®, and the salt was very deliquescent. 


ResoliUion of Benzoyloscine. 

This was effected substantially as described by Tutin (T., 1910, 
97 , 1793). 

Five grams of c?/-oscine hydrobromide were converted into the 
base, which was heated to 160® with 10 c.c. of benzoyl chloride, 
when a brisk reaction ensued with simultaneous crystallisation of 
the benzoyl oscine hydrochloride. The solid was collected, washed 
with ether, and dried at 100®. The crude product melted at 240® 
and amounted to 5-45 grams, that is, an 83 per cent, yield. It 
was dissolved in water, and the solution, after decolorisation with 
a little charcoal, was rendered alkaline with sodium hydrogen 
carbonate, and completely extracted with chloroform. The 
benzoyloscine left on removing the chloroform was neutralised to 
litmus with ^-a-bromo-7r-camphorsulphonic acid, and the salt frac- 
tionated from absolute alcohol. The benzoyl oscine broino- 
camphorsulphonate was obtained pure after three crystallisations, 
and melted at 247—248® (Tutin gives 246— 246 o°). The specific 
rotation was determined in water: 

c = l'998; ^-2-dcm.; ajj4-2®ll-3^ [aj^, -ro4'74®; [M]^ +312*3®. 
The calculated value of the molecular rotatory power of the 
^/-benzoylosciniuin ioii is therefore 312'3— 278*7 = 33 6® whence 
[ajp for the (7-benzoyloscinium ion is +12*9°. ' 
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Benioyl-A-Qsdne Hydrochlonde. 

Pure benzoyl-*^ seine bromocampliorsulphonate (2 '8 grams) was 
triturated with 30 c.c. of water and three molecular proportions 
of sodium hydrogen carbonate. Benzoyht^-oscine base appeared to 
separate in needles, which were immediately dissolved by chloro- 
form. The free base, on removal of the solvent, was exactly 
neutralised with iV^/lO-hydrochloric acid, and, after filtering from 
a little greasy matter, was concentrated rapidly under diminishea 
pressure to a very small volume. On keeping for a short time, the 
whole of the liquid became filled with perfectly formed rectangular 
leaflets, which in a few hours were completely transformed into 
fine needle. These were collected and washed with absolute 
alcohol. They amounted to Tl grams, and melted and decom- 
posed at 280® (287® corr.) (Tutin gives 283 — 284®). The product 
was anhydrous. Its specific rotation was determined in dilute 
aqueous solution : 

c^2-005; /=2-dcm.; 28*35'; [o]o4-ll'79®; [M]d +34*83®. 

From this is calculated [a]p +13*4® for the benzoyl-«?-oscinium ion, 
a value which compares favourably with the value +12*9® calcu- 
lated above from the broraocamphorsulphonate. This value is 
somewhat higher than Tutin's value, [o]p +10-0®, which is obtained 
by calculation from the value [M|^ + 297*0® for benzoyl-fi^-oscine 
b rom oca m phorsu 1 phonate. 


Hydrolysis of Benzoyl-d-oscine. 

With Hydrochloric Acid . — The solution just employed (20 c.c.). 
containing 0*4001 gram of beiizoyI-<tecine hydrochloride, was 
treated with 9*7 c.c. of 31 per cent, hydrochloric acid, thus bring- 
ing the volume approximately to 30 c.c. and the strength of the 
acid to 10 per cent. The rotation was observed, and the solution 
was then boiled gently to hydrotyse the benzoyl-rZ-oscine, the rota- 
tion being observed at intervals, just as is described under the 
liydrolysis of 7-hyoscine (p. 507). 

Initial reading, I- 20^ ; 1 ^ 2-dcm. 

After 1 hour's boiling, +20*5', 

After 3 hours' boiling, +22*0'. 

Hydrolysis was now complete, as there was a copious separation 
of benzoic acid, and the solution gave no turbidity with Mayer's 
reagent. The observed rotation is therefore due to the d'-oscinium 
ion, and the final value, + 22', corresponds with a specific rotation 
of the d-oflcinium ion of -f 26®, which is of the same order aa that 
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obtained by calculation from the rotation of <^scine flf-hydrogen 
tartrate, namely, [o]jj 27' 1°, and that directly observed, [a]p 24-0^, 
for ^-oscinium hydrochloride prepared from the tartrate. 

The free benzoic acid Tvas removed by extraction with purified 
ether, and the aqueous liquor concentrated to a syrup under 
dimihished pressure on the water-bath. On dehydration of the 
syrup by evaporation with absolute alcohol, the residtie crystal- 
lised. It was dissolved in a little hot absolute alcohol^ and, on 
keeping, 0'07 gram of crystals resembling ammonium cdiloride were 
collected. They melted and decomposed in the neighbourhood of 
243^^ (pure df-oscine hydrochloride melts at 273°), and were highly 
deliquescent. 


Twenty milligrams 'of this salt, when treated with an equal 
weight of picric acid in hot aqueous solution, gave a picrate crystal- 
lising in long, fine needles, and later a few rhombs separated, a 
behaviour which is exactly reproduced by the addition of picric 
acid solution to the pure d- or /-oscine' ^7- hydrogen tartrates 
(p. 495). This picrate, w^heu collected and dried, melted and 
decomposed at 237 — 238°. A mixture with fi?-oscine picrato melted 
in the same bath at 237 — 238°. The alcoholic mother liquors of 
the above 0-07 gram of cf-osciue hydrochloride were dombined with 
picric acid (both in aqueous solution). The addition of the picric 
acid first precipitated amorphous matter, which was separated, and 
later a well -crystal Used picrate. This salt crystallised in small 
rhombs, melted and decomposed at 235°, and was in all probability 
the stable form of c?-osciiie picrate. 


With Alkali . — Pure benzoyl-ff-oscine hydrochloride (O' 4009 
gram) was dissolved in water, and o c.c. of 10 per cent, sodium 
hydroxide were added. The oily base, which separated rapidly, 
disappeared on boiling. After an hour, the solution was cooled 
and neutralised to Congo paj)er with hydrochloric acid. The pre- 
cipitated benzoic acid was completely removed by ether extraction, 
and the extracted aqueous liquor ^as also free from non-hydrdyged 
benzoyloscine, as was indicated by the absence of a turbidity on 
treatment with Mayer's reagent in acid solution. In neutral or 
very faintly acid solution it gave the well-crystallised precipitate 
0 served with oscine salts. The solution was rapidly concentrated 
and made up to 20 c.c. In a 2-dcm. tube it gave a^+32-8^ 
whence he ^-oscinium ion has [a]^ +25'8o, a value in good agree- 

Zrvld ^ [a], + 26'0°, and that 

omer\ed for pure ^/-oscme hydrochloride, -f 24*0°. 
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drHyosdTie. 

Xhe starting material for the isolation of tf-hyoscino consisted 
of 75 grams of well-crystallised hydrobromides obtained as a by- 
product in the ihanufacture bf ?-hyo seine. It was slightly Isevo- 
Totatory, having [o]^ -4'P (c=2*3, anhydtous), and contained 
9 per cent, of water of crystallisation, which was lost over sulphuric 
acid. It was regenerated to base, using sodium hydrogen carbonate 
and chloroform for the purpose, the weight of base being about 
55 grams. This was converted into its salt with i^-tt-bromo-ir- 
camphorsulphonic acid, and crystallised from a mixture of dry 
ethyl acetate and absolute alcohol. In a few days there was a 
copious, crystalline separation, which was collected, and amounted 
to 38*5 grams. It was deliquescent and had [a]^ -f46‘4° (c = 2), 
and on two more crystallisations gave 8*8 grams of pure meteloidine 
bromocamphorsulphonate. 

Meteloidine A-a-hromff-TT-eamyhor^ulphonate crystallises exceed- 
ingly well from absolute alcohol, in which it is soluble to the extent 
of about 1 part in 10 (boiling), or from a mixture with dry ethyl 
acetate in clusters of prisms. It also crystallises well from water. 
It melts at 224 — 227° (228*5 — 231*5° corr.), and is anhydrous: 

0*1410 gave 0*2547 CO., and 0-0808 H,0. C-49‘3; H = 6-4. 

Ci3H2|04N,Ci(jHi504BrS requires C = 48*75; H-6'4 per cent. 

Its specific rotatO'Ty power was determined in water: 

c = 2-039; ?-2-dcm.; + 1°56^ [0]^^ +47*42°; +268*7°. 

This value for the molecular rotation is somewhat smaller than 
that given by Pope and Read for the bromocamphorsulphonic acid 
ion (T., 1910, 97, 2200). That the meteloidine was inactive was 
confirmed in two ways: 

(1) A small quantity of the above salt was converted into base, 
avoiding conditions which might favour racemisation by using 
sodium hydrogen carbonate and chloroform. The base crystallised 
readily, and was identical in appearance and other properties with 
a sample of meteloidine kindly supplied by Dr. Pyman, and which 
was known to be inactive (Pyman and Reynolds, T., 1908, 93, 
2077). 

(2) One-half a gram of i-meteloidine base was converted into 
its bromocamphorsulphonate, and the solution evaporated to dry- 
ness with absolute alcohol. The crystalline residue was triturated 
with a little dry ethyl acetate, in which the crystals are practically 
insoluble, and collected. The rotation of this salt, represbhting 
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practically the whole of the meteloidine, was found to be the same 
as the previously described salt: 

c=l-969; ? = 2-dcm.; [a]n+47-0°; [MJ^ + 266-3''. 

It melted at 224 — 225°, and a mixture of the two salts showed no 
depression of the melting point. 

Isolation of d-Byoscine Bromocnmphorsulphonatc. — On continu- 
ing the fractionation, the original mother liquors gave a second 
crop of crystals, 24'5 grams, [a]p +44-5°, which, after ten re- 
crystallisations, gave 11 '6 grams of pure (/-hyoscine bromocamphor- 
sulphonate melting at 159—160° and having [a]p-f60-l°. This 
was twice more recrystallised, and gave S'S grams with 
Ml, +60-3^. 

d-Byoscine d-a~hromo-Tr'campkorstdphoi^ate crystallises from a 
mixture of absolute alcohol and excess of dry ethyl acetate in 
clusters of glistening, acicular needles. After being dried at 110° 
it melts at 158 — 160° (161*5 — 163-5° corr.), Its specific rotation 
was determined in water at 16°. 


c = 2-005; /=2-dcm.; a+2°25^; [a]j, + 60-3°; [M]i> 370-5° 
From this it is calculated that the molecular rotatory power of the 
fi?-hyoscinium ion is 91-8° and the specific rotatory power [a]j, is 
-}-30'2° (see r/-hyoscine hydrobromide). The salt is not deli- 
quescent : 

0-2730 lost 0-0022 at 100°. Loss = 0-8. 

0*1238, dried at 100°, gave 0*2394 CO.-, and 0*0675 HoO. 

0=52-8; H = 6*l. 

^i 7 S 2 AN,CioHj 504 BrS requires C = 52-7; H = 5*9 per cent. 


The fractionation of the various liquors was continued, when 
further small quantities, 4*5 grams in all, of meteloidine bromo- 
camphorsulphonate, and an additional 12*5 grams of pure 
<5?-hyoacine bromocamphorsulphonate. [a]j, + 60*5°, were obtained. 
The original mother liquors now gave 10 grams of a deliquescent 
salt, [o]ij+30-8° and 2-7 grams, [a]p -f 27*3°, both of which had 
the properties of a slightly impure ^hyoscine bromocaraphor- 
sulphonate, which requires a calculated value of [a]^ +29°. On 
recrystallisation, these gave salts of higher specific rotation. It 
was not found possible to isolate pure f-hyoscine bromocamphor- 
sulphonate from the mother liquors. 

d-Byoscme Bydrohromirle.—^ix grams of pure ^-hyoscine bromo- 
camphorsulphonate were converted into base, using chloroform and 
sodium hydrogen carbonate for the regeneration. The base wa^ 
neutralised with hydrobromic acid and the solution concentrated 
under diminished pressure. d-Hyosciiie hydrobroinide separated 
on keeping m large tablets (2 x 1 cm.). ^ 
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di-Byoscine hydrohromide crystallises exceedingly well from 
water in rectangular-shaped tablets with bevell^ edges. It 
crystallises with three molecules of water, the hydrate melting in 
a capillary tube at 54*6 — 55° (54*5 — 55° corr,). It is rendered 
anhydrous by drying over sulphuric acid in a vacuum. The 
behaviour of the anhydrous salt on heating is very varied. It 
sometimes melts sharply at 168°, resolidifies, and melts at 
193—194° (197 — 198° corr.). Occasionally, the intermediate melt- 
ing point is not observed at all, or is only indicated by a slight 
shrinking. If the anhydrous salt is dried for half an hour at 
120°, only the higher melting point, 193—194°, is observed. The 
probable explanation is that the product, which melts at 168°, is 
either an amorphous form or a metastable, crystalline form of the 
anhydrous salt, and the transformation of one form into the other 
is accelerated by rise of temperature. f-Hyoscine hydrobromide 
behaves similarly : 

0*1842, dried over H2SO4, lost 0-0228. H20^ 12-38. 

0*1813, dried at 100°, lost 0-0226. H20-= 12-47. 

0*1587, „ 100° gave 0-0778 AgBr. Br== 20*85. 

Ci7H2i04N,HBr,3H20 requires H2O- 12*33 per cent. 
Ci7H2j04N,HBr requires Br = 20*80 per cent. 

The specific rotatory power of the hydrated salt was determined 
in water : 

c = 2‘842; / = 2-dcm.; a+PlS-o^j [aj^, + 23*02°. 
c-2-525; ?-2-dcm.; a + l°10'; [a]jj 23-10° 

The mean of these values gives for the anhydrous salt 
[a]p +26-3° and for the e/-hyoscinium ion [a]^ -f33-2° The latter 
value is in approximate agreement with that, calculated from the 
molecular rotation of the bromocamphorsiilphonate (p. 502), 
namely, -1-30*2°. 

^-Eyoscinc .1 urichJorule, — ^/-ITyoscine bromocamphorsulphonate 
(0*3 gram) was dissolved in 5 c.c. of warm water, and 5 c.c. of 
10 per cent, hydrochloric acid were added, followed by 7 c.c. of 
gold chloride solution (1 in 30). The aurichloride separated, 
partly in isolated, minute, rectangular plates, but for the most 
part in feni-iike growths or spangles. It melted at 202—203° and 
-v'eighed 0-32 gram. It was twice recrystallised from 2*5 per cent, 
hydrochloric acid, the melting point each time remaining at 
-04 205° (208 209° corr.) (decomp.). The recrystallised solid 
separated in long, fiattene<I, orange -yellow needles with both edges 
serrated : 

0*1266, air-dried, gave 0’0387 An. Au = 30*6. 

Cj7H2,04N,AuCl3,HCl requires Au = 30*7 per cent. 
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■ ^-Hymcine PjcrcJ^c.-Prepared from if-hyoscine bromocamphor- 
sUlphonate by double decomposition in aqueous solution, this salt 
separated as a netted mass of needles melting; and decomposing at 
187 — ISS®" (see ^hyoscine picrate). 


X-Eyomn^. 

VHyosdm HydTolrom,dt.—1^6 properties of this salt are the 
same as those of rf-hyoscine hydrobromide. The rotation^ of the 
purest hydrobromide crystallised from water was a fraction less 
than ^hyoscine hydrobromide. For various samples, the follow- 
ing values were obtained : 

c = 2’454; ?=^2-dcra. ; a - - 1°7' : [ajj, -22-75°. 
c = 2-543;Z = 2-dcm.; a = -l°9'3'; [ 0 ,]^^ -22*71°. 

0=2-045; ? = 2-dcm.; a = -55-43^ [ 0 ]^ -22*58°. 

The mean of the first two values gives [a]jj— 25*93° for the 
anhydrous salt, and for the ?-hyosciuium ion [a]^ -32*73°, whereas 
for the purest ^T-hyoscine hydrobromide the values were 26*3° 
and 33' 2° respectively. The use of ^-o-bromo-Tr-camphorsulphonic 
acid for purifying the /-hyoscine would no doubt lead to complete 
accord between the rotatory powers of the two enantiomorphs. 

l-Syoscine Aurichl arid e.— Illy oscuw hydrobromide (0*2 gram) 
was converted into base, using sodium hydrogen carbonate and 
chloroform. A solution of the hydrochloride was mixed with gold 
chloride solution, and the ^hyoscine auricMoride collected. It 
weighed 0*28 gram, and melted and decomposed at 204—205°. 
It was recrystallised from one hundred times its weight of 2-o per 
cent, hydrochloric acid, and separated in complex, needle-shaped 
growths serrated on both edges, exactly as observed for the dextro- 
enantiomorph. The melting and decomposing point was un- 
changed (208 — 209° corr.) : 

0*1075, air-dried, gave 0*0331 Au, Au = 30*8. 

Ci^HgiO^NjAuClsjHCl requires Au = 30-7 per cent. 

l-Hyoscine Axirihromidt . — This was prepared by Jowett’s method 
(T., 1897, 71, 680), by dissolving 0-2 gram of /-hyoscine hydro- 
bromide in excess of hydrobromic acid and adding gold chloride 
solution. The yield was 0*4 gram (m. p. 187 — 188°). It was 
recrystallised from boiling 2*5 per cent, hydrobromic acid (40 c.c.), 
and gave 0*35 gram of long, rectangular, chocolate-red leaflets 
still inelting and decomposing at 187 — 188° (191 — 192° corr.) : 

0*1075, air-dried, gave 0*0258 Au. Au = 24*0. 

Ci 7 H 2 i 04 N,AiiBr 3 ,HBr requires Au = 24*0 per cent. 

VHyoscine PicraU, — 0-20 Gram of f-hyoscine hydrobromide by 
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double decompoBition with a hot saturated picric acid solution gave 
0*25 grana bf Miyoscine picrate crystallising in slender, primrose- 
yellow needles (m. p. 187- — 188^). It required a hundred times 
its weight of boiling water to dissolve itj and then separated in 
flat, irregular, six-sided scales covered with striations. Occasion- 
ally, these scales were united in the form of long, flat, serrated 
needles. It now melted and decomposed at 187*5 — 188*5° 
(191— -192° corr.), and amounted to 0*2 gram. 


^-Eyosdnt. 

^-Eyosci't^ UydrohroTTiide . — Two and a-half grams each of the 
purest cf-hyoscine and /-hyoscine hydrobromides were combined 
and recrystallised from water. The product crystallised exceed- 
ingly well with three molecules of water of crystallisation, and was 
indistinguishable from the active d- or ^byoscine hydrobromides. 
The crystals were collected, and amounted to 3*3 grams. In a 
capillary tube, the uncrushed crystals melted at 55 — 58°, but 
powdered crystals only partly melted up to 60°, owing to rapid 
loss of water. The anhydrous salt melts at 181—182° (185 — 186° 
corr.). The hydrated salt effloresces on exposure to the air, in this 
respect differing from the active components. A 2*5 per cent, solu- 
tion in water was optically inactive : 

0'2217 uneffloresced salt lost 0*0274 in a vacuum. 12*36. 

0*1943, dried in a vacuum, gave 0'0949 AgBr. Br=20’8. 

Ci7H2i04N,HBr,3HoO requires 12*33 per cent. 

Cj7H2i04N,HBr requires Br — 20*8 per cent. 

^\-Hyoscint Bof^e . — One gram pf r//-hyoscine hydrobromide was 
converted into base, using chloroform and sodium hydrogen 
carbonate. The chloroform- free base was moistened with water, 
and when kept for some hours in a freezing mixture crystallised 
in minute needles. The product was collected, washed with water, 
and, when dried in the air, amounted to 0*55 gi*am. It melted at 
38-40°: 

0*1034, in a vacuum over H2SO4, lost 0*0104. HoO = lO'l. 

Ci 7H2 i 04N,2H20 requires HoO = 10‘6 per cent. 

It was recrystallised by dissolving in a little warm alcohol and 
adding water until a turbidity developed. On inoculation, it 
crystallised slowly in well-formed, transparent, chisel-shaped 
prisms. The melting point was unchanged at 38 — 40° (38 — 40° 
con*.). When dried in a vacuum over sulphuric acid, it lost two 
molecules of watetr 
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0-0770 lost 0-0082. H2O = 10-6. 

Cj7H2i04N,2Hg0 requires H2O = 10-6 per cent. 

The anhydrous material consisted of a clear varnish, and had 
no definite melting point. 

The melting point of the dihydrate was unchanged after keep- 
ing in a Jena-glass tube for ten months. 

dX-Eyosdne Pic^-fl^e.—This salt was prepared in aqueous solu- 
tion by adding a saturated solution of picric acid to a solution of 
rfPhyoscine hydrobromide. An oil separated at first, but was dis- 
placed, on warming, by short needles, which melted and decom- 
posed at 173—174°. These were recrystallised from one hundred 
parts of boiling water, and separated in rosettes of long needles, 
melting and decomposing at 173'5 — 174-5° (177-5 — 178*5° corr.). 

The same salt is obtained from the ^/Z-hase. 

AVEyomne AuricUmde.~-Va\% salt crystallises in long, flat 
needles with one edge serrated on mixing aqueous solutions of the 
two components. It melted and decomposed at 214 — 215°. On 
recrystallisation from 2' 5 per cent, hydrochloric acid, it separated 
in stout, boat-shaped crystals melting and decomposing at 
218—219° (corr.): 

0-1175 gave 0-0358 Au. Au = 30-5. 

C|jH2i04N,AuCl3,HCI requires Au^^SO"? per cent. 

dVEyosc^ne Avnhromide.~Qn mixing cZZ-hyoscine hydrobromide 
dissolved in excess of hydrobron\]c acid with gold chloride solution, 
this salt crystallises in chocolate-coloured leaflets of indefinite shape 
melting and decomposing at 209 — 210°. On recrysUllisation from 
50 parts of dilute hydrobromic acid solution, it separated in 
chocolate-red leaflets very similar in appearance to the /aero- salt. 
The melting and decomposing point was unchanged at 213 — 214° 
(corr.) : 

0-1123 gave Au=:0’0268. Au = 23‘9. 

Ci-H2i04N,AuBr3,HBr requires Au = 24-0 per cent. 

Jowett (/oc. has described a hyoscine auribromide melting 
at 210°, which probably indicates that his starting material, 
hyoscine hydrobromide, was optically inactive, or practically so. 


Eydrolxpk of l-Hyoscine. 

With Eydrobromic ^wV/.—Pure hydrated /-hyoscine hydro- 
bromide (1-4447 grams), [a]„-22-7o (c-=2-5), was dissolved in 
30 C.C, of 10 per cent, hydrobromic acid, and the rotation deter- 
mined, The solution was then boiled gently under reflux, the 
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i-oUtiou being observed at definite intervals by cooling the solu- 
tion and removing the requisite volume for the observation. On 
completion of the latter, the solutions were recombined and the 
boiling started afresh. The following data were obtained, using 
a 2-dcm. tube: 

laitial reading —HI' After 4 hours’ boiling —169' 

After 1 hour’s boiling ... —149' „ 6 „ „ —161' 

„ 2 hours’ „ ... —153' „ 9 „ -167' 

The solution was now thoroughly extracted with purified ether 
to remove the ^-tropic acid. The residual aqueous solution still 
showed a rotation of — 10^, and contained non-hydrolysed hyoscine, 
as it gave a reaction with Mayer’s reagent (oscine gives no reaction 
in acid solution of this strength). The hydrolysis was continued 
for a further five hours, when the rotation rose to -11', and the 
reaction for hyoscine was negative. On removal of the ^-tropic 
acid by ether, the residual solution was inactive. 

The ethereal extracts gave 0*65 gram of crude Mropic acid melt- 
iug at 125 — and having [aj^ -70-5® in water (c = l). On 
recrystallisation from water, it melted at 127 — 128^ and gave 
[a]„-76° (c=2). 

The f7/-oscin6 hydrobromide solution was concentrated rapidly 
under diminished pressure to a syrup, when it acquired a purple 
colour, which disappeared' on dilution with water, but in absolute 
alcohol became brown. The syrupy residue crystallised on inocu- 
lating with (f^-oscine hydrobromide. The crude product melted at 
270° and weighed 0*75 gram (theory, 0-78). It was triturated 
with a little absolute alcohol, and the crystals were collected. The 
product consisted of granular crystals with a violet colour (prob- 
ably containing traces of a perbromide (compare Schmidt, Arch, 
Phortti,, 1905, 243, 567), weighed 0'53 gram, and melted at 280°. 
A mixture with pure di-oscine hydrobromide (m. p. 282°) also 
melted at 280°. The filtrate was now evaporated to dryness under 
diminished pressure, dissolved in 10 per cent, sodium hydroxide 
solution, and completely extracted with chloroform. On removal 
of the chloroform, 0T.5 gram of base was obtained, which only 
crystallised on inoculation with the <7Z-osciue base of commerce. 
It melted at 98—100°, and a mixture with pure oscine melted at 
103° 

The products of the hydrolysis are therefore /-tropic acid and 
c//-oscine. 

]\iih Hydrochloric Acid , — Pure /-hyoscine base prepared from 
O oOU gram of /-hyoscine hydrobromide, [oj^ -22*75° (c=:2*5), 
using sodium hydrogen carbonate and chloroform, was dissolved in 
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30 p.c..of 10 per cent, hydrochloric acid. The rotation followed 
as in the case of the hydrobromide. 

52* 

5S' ; I — 2-dcia. 

56 ' 

54-5' 


Initial reatUng ........ 

After 2 hiours^ boiling 
» 4 „ 

„ 8 » 


On removal of the i-tropic acid (O'lS gram; m. p. 124-1260) 
bv ether the acid aqueous solution was optically inactive, and 
when evaporated to dryness with absolute alcohol pve 0'13 gram 
of ifl-oscine hydrochloride crystallising in minute, rectangular 
plates, or associated together in fern-like growths. It was con- 
verted into the picrate, which ciystallised ju small, flattened 
rhombs or tablets melting and decomposing at 231°. A mixture 
with pure rfi-oscine picrate, which crystallises similarly and melts 
and decomposes at 237-238°, melted intermediately at 232°. 


In conclusion, the author desires to express his warmest thanks 
to Dr. Pyman for his advice and criticism throughout the course 
of the work. 

The Wellcome Chemical Research Laboratories, 

London, E.C. [Received, March 1919.] 


XXXVIIL— r/ie Bade Properties of Oxygen in Organic 
Acids and Phenols ; and the Qiiadrivalency oj 
Oxygen. 

By Joseph Knox and Maiuun Haotiv Richahhs. 

OxyoEN is usually regarded as a bivalent element in most com- 
pounds, but its position in Group VI of the Periodic Table affords 
good ground for the assumption that it may in certain cases have 
a higher valency from analogy to sulphur, selenium, and tellurium, 
all of which may function, not only as bivalent, but also as quadri- 
valent and sexavalent elements. 

The quadrivalency of oxygen has been assumed from time to 
time to explain the constitution of certain compounds, a summary 
of the earlier assumptions of this nature being given by Walden 
{Ber., 1901, 34 , 4185). Tho work of Collie and Tickle on 
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dimethylpyrone (T., 1899, 76^ 710), and of Baeyer and Villiger 
1901, 34 , 2679; 1902, 35 , 1201), first drew general atten- 
tion to the subject. The former were of the opinion that only in 
specially favourable cases could additive compounds containing 
quadrivalent oxygen be formed, but the latter showed that organic 
compounds of practically all classes containing oxygen, such as 
ethers, alcohols, aldehydes, ketones, etc., could combine with acids 
to give crystalline salts. Since that time, many similar assump- 
tions of the quadrivalency of oxygen have been made, for example, 
by Billow and Sicherer for salts of anhydrobenzopyranols and 
benzopyranols 1901, 34 , 3916), by Kehrmann and Mattisson 
for salts of phenanthraquinoiie {Btr., 1902, 36 , 343), by Will- 
statter and Pummerer for compounds of pyrone with acids (Ber., 
1904, 37 , 3740), by Parmer for acid salts of monobasic acids (T., 
1903, 83 , 1440), by Cohen and Gatecliflf for compounds of ethers 
with nitric acid (P., 1904, 20 , 194; but see also McIntosh, J. 
Ajnei'. Cheni. Soc,, 1905, 27 , 1013), by Blaise for compounds of 
magnesium iodide and zinc iodide with ethers {Compt. rend.^ 1904, 
139 , 1211; 1905, 140 , 661), and by Meyer for salt-like compounds 
of quinones with acids (Ber,, 1908, 41 , 2568). 

Much work on this subject has been done by McIntosh and his 
collaborators, who have prepared additive compounds of ethers, 
alcohols, aldehydes, ketones, etc., with halogens and anhydrous 
halogen hydrides (T., 1904, 85 , 919, 1098; 1905, 87 , 784; /. Amer. 
Ghem. Soc., 1905, 27 , 26, 1013; 1906, 28 , 588; 1908, 30 , 1097; 
1910, 32 , 542, 1330; 1911, 33 , 70; 1912, 34 , 1273). 

Fewer instances have been recorded of the formation of additive 
compounds of organic acids and phenols with other acids. Baeyer 
and Villiger obtained no crystalline compounds of acids with acids 
{Ber., 1901, 34 , 2692). Hoogewerff and van Dorp, however, pre- 
pared additive products of sulphuric acid with various organic 
acids, and of phenols with phosphoric acid (Rcc. irav. chim,, 1899, 
18, .jH, 1902, 21, 349). Maass and McIntosh obtained a com- 
pound of benzoic acid \Yitli hydrogen bromide, and of resorcinol 
with hydrogen bromide and hydrogen chloride (J. Awe/*. Chenu 
hoc., 1911, 33 , 70). Pfeiffer also has prepared a number of com- 
pounds of organic acids with acids {Ber., 1914, 47 , 1593), and in 
a recent series of papers Kendall has described the isolation, by 
the freezing-point method, of additive compounds of organic acids 
iu pairs, of organic acids and phenols with sulphuric acid, and of 
phenols with organic acids (J. Amcr. Chem. Soc., 1914, 36 , 1722, 
2498; 1916, 38 , 1309). 

It will be seen that the organic compounds which form these 
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additive products are of the most diverse types. In practically all 
the cases cited, the organic compound is combined with an acid, 
forming an unstable additive compound, so that evidently the com- 
pound formation is due to basic properties in oxygen of higher 
valency than two. These additive compounds are generally 
regarded as ^'oxonium'^ compounds, containing quadrivalent 
oxygen, derived from the hypothetical base H 30 ' 0 H, analogous to 
the sulphonium compounds formed by the passage of sulphur from 
bivalency to quadrivalency. A typical example is Friedel s 
dimethyl ether hydrochloride {Bull. Soc. chitti.j 1875, [ii], 24 , 

160); (CH 3),0 + HC1 = analogy of wliicli to a 

sulphonium compound is evident: 

(CH3),S + CH3r = 

The sulphonium salts are derivatives of the strongly basic 
sulphonium hydroxide, RgS'OH, so that in the salt-like character 
of the oxonium compounds, and the basic properties of quadri- 
valent oxygen, there is a parallel in the case of well-known sulphur 
compounds. 

To explain the formation of these additive compounds, special 
kinds of valencies of oxygen have from time to time been assumed 
-—crypto-valencies, complex valencies, residual afi&nities. In view 
of the fact, however, that oxygen may exhibit a higher valency 
than two in the ordinarily accepted sense, there seems to be no 
reason to assign special kinds of valencies to oxygen, any more 
than to sulphur or the other elements of the same group . 

The additive products of organic oxygen compounds with acids 
have mainly been isolated in the solid state, and very little work 
has been done on the investigation of these compounds in solution. 
The compounds are all more or less unstable, and for the most part 
are decomposed by water into their original constituents. Farmer, 
for instance, could find no evidence for the existence of acid salts 
in solution (T., 1903, 83 , 1440), bub there is evidence to show that 
oxonium compounds do exist to a certain extent, at least, in solu- 
tion. Thus Maass and McIntosh (./. A m.er. Chem. Soc., 1913, 35 , 
535), by a study of the conductivity measurements of the two com- 
ponent systems— hydrochloric acid and ethyl ether, hydrochloric 
acid and methyl ether, hydrochloric acid and ethyl alcohol, hydro- 
chloric acid and methyl alcohol — showed the probability of the 
existence of the compounds in solution. Rordam {J. Amer. Chem. 
.^oc., 1915, 37 , 557). by comparing the conductivity of a solution 
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of dimetliylpyrono hydrochloride with that of a solution of hydro- 
ohloric acid with the same concentration of chlorine ions, electro- 
inetrically measured, proved that dimethylpyrone hydrochloride is 
g, real salt showing electrolytic dissociation as well as hydrolytic 
dissociation into its cconponents. Schunck© (Zeitsch. pkysikal, 
'Kern.-, 1894, 14 , 331) found that the solubility of ether is greater 
1 hydrochloric acid solutions than in water, and increases with 
lie concentration of the hydrochloric acid, and Jiittner {Zeitsch, 
Kymkal. Chem,j 1901, 38 , 56) gave as the reason the formation 
f ether hydrochloride in solution. Similarly, Sackur {Ber.^ 1902, 
15, 1242) found that the solubility of cineole increases in hydro- 
hloric, nitric, and acetic acid solutions. 

It is possible, therefore, that the existence of other oxonium 
ompounds in solution may be shown by solubility determinations, 
f additive rorapounds of organic acids with acids exist in solution, 
;e should expect to find some influence of this salt-formation on 
he solubility of the organic acid in solutions of the other acids, 
[f no such disturbing influence comes into play, the solubility of 
he organic acid should continuously diminish with increasing cou- 
'enlration of the solvent acid, in accordance with the law that the 
solubility of an electrolyto is diminished by the addition of another 
?] eel roly te with a common ion. 

A few instances have actually been recorded where organic acids 
do not obey this law. Thus, Herz {ZeiUch. avorg. Chem., 1910. 
66, 93) found that for solutions of oxalic acid in boric acid the 
solubility increases continuously with the concentration of the boric 
acid, Stepanov {Annnlevy 1910, 373 , 221) found that for picric 
acid in hydrochloric acid solutions the solubility diminishes to a 
certain point, after which it begins to increase. Masson (T., 1912, 
101, 103) found a similar result for solutions of oxalic acid in 
kdrochloric and nitric acid solutions. 

Tt seems very probable that these cases may he instances of a 
general phenomenon, and that the unexpected results obtained for 
the solubility curves are caused by the existence in solution of an 
oxonium compound, formed by direct addition of the ions of the 
iokent acid to an oxygen atom of the organic acid, according to 
the equation 

HO>^'o + HX „^>c:o<«. 

01*. for phenols, 

^'>0 + HX = 
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This assumption would be sufficient to account for the ohsetved 
results. At first with a strong solvent acid, such as hydrochloric 
or nitric, the effect of the common hydrogen ion prevails, and the 
solubility diminishes. With increasing concentration of the solvent 
acid, however, the influence of the formation of the more readily 
soluble salt becomes stronger, and the solubility reaches a mini- 
mum, and finally begins to increase. If the solvent acid is weak, 
for example, boric acid, the initial decrease may be too small to be 
measurable; hence the only perceptible effect would be the con- 
tinuous increase observed by Herz. 

If the true explanation of the results observed by Herz, 
Stepanov, and Masson is the formation of an oxonium compound 
in solution, we should expect other organic acids to behave in a 
similar manner, and the present investigation serves to prove that 
this is actually the case. 


E X ? EU I M EN TA L. 

I. Acidi. 

The solubilities of a number of organic acids of practically all 
classes have been ’determined in solutions of other acids. The 
number of organic acids which could be used was greatly limited 
by the lack of suitable methods of analysis. Many of the 
commonest acids could not be employed, since no sufficiently 
accurate method is known for their estimation, or since, even at 
the ordinary temperature, they volatilise from solution bn evapor- 
ation. Much time was spent in testing various analytical methods 
given in the literature for a large number of acids, and in deter- 
mining whether the acids volatilised from solution on evaporation. 
Amino-acids were avoided, as the presence of the basic amino-group 
might lead to the formation of salts of the ammonium type. In 
most cases, the solvent acid is hydrochloric, but experiments have 
also been performed in nitric, sulphuric, acetic, formic, and lactic 
acids. 

The following series have been investigated : 

Momham i Phenylacetic, diphenylacetic, benzilic, o-nitro- 
benzoic, w-nitrobenzoic, 3 :5-dinitrobenzoic, cinnamic, diphenylene- 
glycollic, trichlorolactic, raandelic, diphenic, and salicylic acids in 
hydrochloric acid solutions; trichlorolactic acid in sulphuric acid; 
mandelic acid in sulphuric, acetic, and formic acids. 

Acids, -mioniG acid in hydrochloric and sulphuric 
acids; oxalic acid in sulphuric, acetic, formic, and lactic acids; 



OXTOEN IN OROANIC AOinS AND PHENOLS. 


. 51 ^ 


phthalic acid in hydrochloric and nitric acids; suberic acid in 
hydrochloric, nitric, sulphuric, and acetic acids; succinic acid in 
hydrochloric, nitric, sulphuric, acetic, and formic acids; and tartaric 
acid in hydrochloric, sulphuric, and acetic acids. 
frihasic Acid . — Citric acid in hydrochloric and sulphuric acids. 
Method .— solubilities were determined at 25°, excess of the 
solid being shaken for several days in a thermostat with solutions 
f the solvent acid of varying concentration. After saturation, the 
tear solution was analysed both for dissolved and solvent acid by 
ne of the following methods ; 

(1) Solvent acid determined gravimetrically; dissolved acid by 
lirect weighing after evaporation in a vacuum over soda-lime. 

This method was used for most of the sparingly soluble acids in 
lydrochloric acid solutions. 

(3) Total acidity determined by titration^ with standard 
iOdium hydroxide; dissolved acid by weighing after evaporation 
jither (a) in a vacuum, or (6) on the steam-bath; solvent acid by 
iifference. 

This method was used for nitric, acetic, and formic, and in a 
few cases for hydrochloric, acid solutions. 

(3) Total acidity by titration; solvent acid gravimetrically; dis- 
solved acid by diflFerence, 

Sulphuric acid solutions were analysed by this method, also cases 
of acids very readily soluble in hydrochloric acid. 

(4) Permanganate methods for oxalic acid solutions: total 
acidity by alkali; oxalic acid by potassium permanganate, either 
[a) directly, in sulphuric acid solutions, or (6) after precipitation 
as calcium oxalate in other cases ; solvent acid by difference. 

Where an evaporation method was used, a preliminary test was 
made to ascertain whether the organic acid was left unchanged 
after evaporation from a solution in the solvent acid, 

The results of the various experiments are given in the follow- 
ing tables. The method of analysis is indicated in each case by 
1 number corresponding with the above arrangement, and refer- 
ence is made to the diagram in which the corresponding solubility 
curve is to be found. In all cases, the concentrations of the acids 
are expressed in equivalent normalities. 
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the decrease in solubility is observed. 
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II. Phenols. 

The solubility of a number of phenols has been determined in 
the same way, the series investigated being : 

Monohydric Phends. — ^;?*NitrophenoI, m-nitrophenol, and 
^-uaphthol in hydrochloric acid; trinitrophenol (picric acid) in 
nitric acid. 

Pihydric Phenols. — Resorcinol, quinol, catechol, and triaitro- 
resorcinol (styphnic acid) in hydrochloric acid ; trinitroresorcinol in 
[litric acid. 

frihydric Phenol . — Pyrogallol in hydrochloric acid. 

Methods of Analysis. — 5. For all phenols in hydrochloric acid, 
the acid was determined gravimetrically, and the phenol by weigh- 
ing after evaporation (a) in a vacuum, or (&) on the steam -bath. 

6. For picric acid and styphnic acid in nitric acid, the concen- 
trations of the nitric acid solutions were determined at 25° before 
adding the solid, owing to the difficulty of titrating solutions con- 
taining these phenols. As the phenols are only sparingly soluble, 
however, any change in volume that might occur when they dis- 
^.olve could have no appreciable effect on the results. The phenol 
was determined by weighing, after evaporation («) in a vacuum, 
or (h) on the steam -bath. 

Some of the phenols gave deeply coloured solutions, but the 
residues obtained on evaporation were practically colourless, and 
a preliminary experiment showed that they were left unchangetl 
when evaporated to dryness with hydrochloric acid or nitric acid. 
The results are given in t.ables 39 to 48, the solubilities of 
the phenols being given in gram-molecule-s per litre, whilst the 
■roncentrations of the solvent acid are expre.'^ed, as before, in 
qiiivaletit normalities. 

Consideration of Results. 

A glance at the solubility curves will suffice to show that the 
results observed by Herz, Stepanov, and Masson \vere no isolated 
phenomena, but that, as regards the solubility of organic acids and 
phenols in solutions of other acids, deviation from Nernst^s law 
is the rule and not the exception. It will be seen that the curves 
obtained are of two main types, according as the solvent acid is a 
ifiiueral or an organic acid, but in each case the assumption of 
o.wiiium salt-formation is sufficient to account for the observed 
results. 

Owing to exigencies of space, only a few typical solubility curves 
«n be reproduced. The other solubility curves, which can be 
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coTiRtriicterl from the tables, will he referred to by the number of 
the table containing the necessary data. Thus (1) refers to the 
solubility of phenylacetic acid in hydrochloric acid, and so on. 

The curves obtained for solutions in the mineral’ acids all 
resemble more or less those obtained by Stepanov and Masson, that 
is, the solubility diminishes rapidly at first, reaches a minimum, 
and afterwards increases steadily with increasing concentration of 
the solvent acid. The results, however, vary somewhat according 


Fig. 1. 



Normality of solvent add. 


to the solubility of the oiganic acid or ])henol, and the concentra- 
tions attainable with the mineral acid. Thus with sparinglv 
soluble acids and phenols, such as phenylacetic (1, 2o, Fig. 1) anil 
nitrobenzoic acids (4, 5j, and the nitrophenols (39, 40, Fig. <), 
the curve in every case shows a distinct turning point. Other 
examples are 2, 3, 6, 7, 8, 11, 12, 23, 24, 25, 26, 27, 39, 40, 41. 
42. 46, 47. With very readily soluble substances, such as malonic 
citric, and tartaric acids, quinol, and catechol (17, Fig. 3), (3b 
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Fig- ^)* concentration of hydrochloric 

acid reached is not sufficient to show clearly the upward tendency 
of the curve, although the general shape makes it evident that the 


Fig. 2. 



Normality of solvent arid. 


rve has reached its ininirnuin at the concentration attained, and 
just about to turn upwards- ~a conclusion, which is further 
stifled by the fact that in sulphuric acid solutions, where the 
ticentrations attainable are considerably greater, even the very' 
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readily soluble acids give a dednite turning point (18, Fig. 3), 

(35, Fig. 6), (38). organic, modification of the shape o[ 

AVhen the solvent acid is the weakness of 

the curve results rom wo differeupe between the 

organic acids in general, a ^ j 



Normaliiy of solvent ncid, 

solubilities of the dissolved acid in water and in the organic acid 

solvent, , At, ff t 

(o) When both solvent and dissolved acids are weak, the etieci 

of the common hydrogen ion is, as a rule, too small to be measured. 
Of the acids the solubilities of which were determined in an organic 
acid solution, oxalic acid is the only one of sufficient acidic strengtli 
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to show any perceptible initial decrease in solubility (21, 22, 
J’jg. 4). The others show increase in solubility from the beginning, 
except tartaric in acetic (36, Fig. 6), and oxalic in lactic acid 
(20, Fig. 4), where no evidence of salt-formation was obtained. 

(b) If the dissolved acid is more readily soluble in the solvent 
organic acid than in water, the resulting curve shows a continuous 
increase — an increase which may be partly due to salt-formation 
or entirely due to increasing solubility in the solvent acid, so that 


Fio. 4, 



Normality of solvent acid. 

conclusion as to salt-formation can be drawn. An instance of 
this may be seen in the curve for suberic acid in acetic acid (28). 
Other cases give dear evidence of salt- formation, the curve show- 
ing an initial increase in solubility, owing to the fomation of the 
more readily soluble salt, with a subsequent decrease, caused by 
decreasing solubility in the solvent acid. The curves which show 
this effect clearly are: (1) succinic acid in acetic and formic acids 
(32, 33, Fig. 5), (2) oxalic acid in acetic and formic acids (here 
the ionic effect is first perceptible, before the increase due to salt- 
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formation) (21. 22, Fig. 4), and (3) mandelic acid in acetic and 

formic acids (15, 16, Fig. 2). it 

(It will be observed that in three of these cases, n^ely, oxalic 
acid in acetic and formic acid solutions, ana mandehc acid m 
formic acid, there is apparently a break in the curve. The cause 
of this has not been investigated, but Masson, who obtained a 
similar break for oxalic acid in nitric acid, attributed the result 
to deliydration of the oxalic acid.) 

Fig. 5. 



From the curves, it may be inferred that salt-fonnatioii does 
not take place with equal readiness in all the mineral acids. Where 
curves have been determined for the saitie organic acid or phenol 
both in hydrochloric and nitric acid solutions, it will be seen that 
in each case the nitric acid curve lies above that for hydrochloric 
acid, evidently indicating that additive compounds are formed 
more readily with nitric acid; see, for exaanple, the curves for 
succinic (29, 30, Fig. 5), phthalic (23, 24), suberic (25, 26), aod 
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gtypbnic acids (^6, 47) in hydrochloric and nitric acid respect- 
ively. 

Again, a comparison of the curves for the same acid in hydro- 
chloric and sulphuric acid solutions shows unifomity of behaviour 
ill all the cases investigated. There is at first a more rapid 
decrease in solubility in hydrochloric than in sulphuric acid (prob- 
ably due to the greater acidic strength of hydrochloric acid, and 
the correspondingly greater ionic effect), but the turning point is 
more quickly reached and the hydrochloric acid curve soon cuts 
the other, from which we may infer that salt- formation takes place 
with greater ease in hydrochloric acid. A comparison of the curves 
for succinic (29, 31, Fig. 5), citric (37, 38), tartaric (34, 35, Fig. 6), 


Fro. G. 



maloiiic (17, 18, Fig. 3), inandelic (13, 14, Fig. 2), and Irichloro- 
lactic acids (9, 10) in hydrochloric and sulphuric acids, respectively, 
will make this clear. (In the case of suberic acid [25, 27], the 
result appears to be similar, but owing to the small solubility of 
suberic acid, and the necessity for estimating the suberic acid in 
sulphuric acid solutions by difference, this curve is not sufficiently 
accurate to enable the distinction between the two curves to be 
clearly seen.) It would therefore appear that, of the mineral 
acids, sulphuric acid shows the least tendency to salt-formation, 
whilst nitric acid shows the greatest. 

No quantitative connexion can be establislied between the tuvn- 
iug point of the curve and the strength of the organic acid in 

X* 2 
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question. Kendall found that, in general, for additive compounds, 
both of organic acids in pairs and of organic acids with sulphuric 
acid, the tendency towards the formation of additive compounds 
is dependent on the difference in acidic strengths. Very weak 
organic acids most readily form additive compounds, and an 


Fig. 7. 



increase in the acidic strength is accompanied by a diminution or 
loss of this property. The rule is, however, merely qualitative. 
This result is, in general, confirmed by the present investigation, 
although the question is complicated by the fact that the turning 
point in the solubility curve depends largely on the solubility of 
the organic acid. 
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From determinations of the solubility of organic acids and 
phenols in solutions of other acids, it has been shown that in such 
solutions compounds are formed between the organic acid or 
phenol and the solvent acid. The most probable explanation is 
that the organic acids and phenols contain a basic oxygen atom, 
and that this forms salts of the oxonium type with the solvent 
acid, the oxygen becoming quadrivalent. This view is strongly 
supported by the work of Kendall, whose earlier papers were pub- 
lished during the progress of the present research.* 

Thanks are due to the Carnegie Trust for a Fellowship that has 
enabled one of the authors to take part in this investigation. 

Chemical DEFABtofENT, 

XJNivEBaiTY OF Abeedeeit. [B&ieived, Febrmry Sift, 1819*] 


XXXIX.— : S-koNaphthoxazones. 

By Biman Bihari Dey and Mahendra Nath Goswami. 

By the fusion of a pyridine with a benzene nucleus, the condensed 
quinoline ring is formed, and in a similar manner it is conceivable 
that the coumarin ring would give rise to a class of derivatives 
vlnch might be represented as ^-i8-naphthoxazone3,t their relation- 
* Kendall has since published other papers on the same subject, refetence 
0 which will be found in the concluding paper of the series ( J. Amtr. Chem. 

1917, 39, 2303), in which he sirnis up the results of his investigations 
The above research w'as completed early in 1916, but for various reasons 
publication of the results has been delayed. 

t As the compounds described in this paper do not contain the true oxazine 
ring, thej' are regarded as being derived from i^f-naphthoxazines, thus : 
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I^omerides of ^>1 : 8-wonaphthoxazone will thus receive the name : 
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ship to coumarins being anaiogous te that of quinoline to 
benzene: 


0 0 



Substances of the latter class, so far as it has been possible to 
ascertain, are practically unknown, only one instance being 
encountered in the literature where a compound probably belong- 
ing’ to this category* has been mentioned (Pechmaun and Schwarz, 
Ber.^ 1899, 32, 3701). This substance was obtained as a by-pro- 
duct in the condensation of ;/ 2 -aminopheuol and ethyl acetoacetate. 
where, in addition to the e^:])eeted 7-aTnino-4-]nethylcoumarin, a 
small amount of a solid (in. p. was isolated, which was 

regarded as a dihydroquinocoujnarin, and assigned the following 
structure : 


0 



The evidence adduced in favour of its constitution is not complete, 
and no further work a])pear3 to have been carried out on the 
siil)ject. 

The reactions which are of general applicability in the .synthesis 
of quinoline and its allies, natc.ely. the Skraup, the Doebner-Miller. 
and the Knorr reactions, are all based on the condensations of 
aniline or other primary aromatic amines; the same methods, with 
slight modifications, have now been applie<l to the synthesis of 
the ^-uaphthoxazones from the aminocoumarins and the amino- 
naphthacouniarins, in which the amino-groups are attached to the 
benzene nucleus. These compounds have been shown by previous 
investigators to resemble the aromatic amines in their chemical 
behaviour, and they may readily be diazotised and reduced to the 
corresponding coumarylhydraziues, etc. (Morgan and ^fickletbwait. 
T., 1904, 85 , 1233; Clayton, P.. 1911, 27 , 246), 

These considerations led to the present investigation, a 
systematic study of this new class of substances being also con- 
sidered desirable in view of certain questions that arose with regard 
to the connexion between their structure and physiological 
properties. 

The present communication deals with the application* of the 
iSkranp synthesis to the preparation of the ^I'-naphthoxazones, the 
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results obtained with the other reactions beingf incomplete and 
j-eserved for a future communication. 

The Skraup reaction, which depends on the condensation of 
aromatic amines with glycerol and sulphuric acid in the presence 
of an oxidising agent, is apt to be rather violent when applied to 
the aminocoumarins, and it was found that the success of the 
operation depended to a great extent on the careful regulation of 
the temperature at the commencement of the reaction. It was 
also observed that, instead of using a mixture of nitro- and amino- 
coumarins, as is generally done in these reactions, the nitro- 
coumarins could be employed ‘alone, without diij^inishing the yield 
of the j/^-naphthoxazoiies to any appreciable extent. 

This observation greatly simplified the process of this synthesis, 
as the aminocoumarins were sometimes rather difficult to prepare 
from the corresponding nitro-com pounds. 

On treating 6-nitrocoumarin with allyl alcohol, it was reduced 
to the amino -com pound (compare Brunner and Chuard, Ber., 1885, 
18, 447), and it may therefore be legitimately assumed that allyl 
alcohol is formed in one of the stages in the condensation and is 
then oxidised to the corresponding aldehyde by the nitro-com- 
j>f)und, which is reduced in the process. The amino-compound now 
serves to combine with the acraldehyde, after which the reaction 
takes the usual course : 



In their chemical characteristics, the i/'-naphthoxazones do Tiot 
differ materially from the quinolines, except iu their behaviour 
towards hob alkali hydroxides, which dissolve these substances with 
a deep colour. This is evidently due to the hydrolysis of the 
pyroiie ring, and the solution presumably contains an unstable 
acid; on carefully neutralising the alkaline solution in the cold, 
the original substance is siowlv deposited in the crystalline state. 

The ^-naphthoxazones, as tertiary' bases, readily form salts, a 
large variety of the double salts having been prepared in the 
course of this investigation ; amongst these, the dichromates, the 
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forrocyanidcs, and th© double potassium uiercuri-iodides ar© very 
characteristic* and form crystals having a definite structure. They 
also give characteristic precipitates with th© general alkaloidal 
reagents : Wagner's solution gives a deep orange-brown, crystalline 
precipitate of the iodide, Scheibler’s reagent gives a white, crystal- 
line precipitate of the phosphotungstates, and Sonnenschein s 
reagent gives a curdy precipitate of the corresponding phospho- 
molyhdate. 

Tiilr© the tertiary amines, they also unite with alkyl haloids in 
molecular proportions. A feature of some interest which has 
arisen from a stu^y of these iV-alltyl iodides is the remarkable 
phenomenon of colour exhibited by members of the series in the 
solid state and in solution. Although the i/^-naphthoxazones are 
generally colourless, and form colourless solutions in dilute mineral 
acids, their additive products with the alkyl iodides possess a deep 
colour varying in shade from dark yellow to scarlet-red. The 
aqueous solutions of these iodides, however, which are strongly 
ionised, are practically colourless. 

In seeking an explanation for this behaviour, the influence of 
ionisation, and also, perhaps, that of the alkyl group and the 
halogen, has to be taken into account, and it seems feasible, there- 
fore, to suggest that the ions, basic and acidic, are colourless, 
whilst the undissociated molecule of the A -alkyl iodide is intensely 
coloured. 

If, moreover, this interpretation is correct, it would be reason- 
able to expect that the solutions of these iodides in non-ionising 
media would be coloured. This has been observed to be the case, 
for although the ordinary non-ionising solvents, like benzene, 
chloroform, ete., were found to have little or no solvent action on 
these iodides, the latter dissolved in warm toluene or xylene, the 
solutions being generally purple with an intense pink fluorescence. 

In the reduction of the i/'-naphthoxazones, th© pyridine ring is 
first hydrogenised. The A-tetrahydro-i/'-naphthoxazones crystal- 
lise in golden-yellow needles, and their chemical behaviour 
coincides exactly with that of the fatty, aromatic secondary 
amines; the presence of the imino-group in their molecules is 
shown by the characteristic nitroso- and acyl derivatives which 
they form with nitrous acid, acetic anhydride, etc. 

The problem of ascertaining the constitution of the i/f-naphth- 
oxazones has been greatly simjilified by a consideration of the 
nature of the reactions employed in their synthesis. The occur- 
rence of the pyridine ring in the molecule has been placed beyond 
doubt by the isolation of quinoline by the distillation of the un- 
substituted «/r-naphthoxazone with zinc dust. The next question 



DBY AND GOSWAMI: \|r-l : 8-rSONAPHTHOXAZONl3S. 535 


of importance that has to be settled in order to arrive, at a definite 
structure for each individual member of the series concerns the 
manner of attachment of the pyridine to the benzene nucleus. 
Thus, the reaction by which ^-1 : 8-naphthoxazone is synthesised 
from 6-aininocoumarin may follow two different courses, according 
as the carbon atom adjacent to the amino-group taking part in 
the condensation occupies position 5 or 7 in the benzene ring. The 
compound in question may therefore be assigned either of the two 
following structures: 

\/\/NH„ \/\/\n \AA/ 

I I N 

\/ 

(I.) (II.) 


Vlthough any direct evidence which might enable a decision to be 
nade^between these two possible constitutions is still lacking, the 
ormula I appears to be the more plausible, and is also in harmony 
vith certain general observations regarding the process of this 
:oudensation. Thus the substitution of a methyl group in posi- 
tion 7 does not hinder the progress of this reaction to the slightest 
extent, and this behaviour would be difficult to explain if it were 
assumed that the pyridine ring attached itself in the first place 
to the 7-carbon atom. The synthesis of alizarin-blue is another 
example of a similar nature where the condensation takes place 
smoothly with the per? -carbon atom corresponding with the 
.^position in the coumarin ring. 

The best solution of the problem appealed to lie in the synthesis 
nf a ^-naphthoxazone of structure II from 6-amino- 7 -methyl- 
coumariii and glyoxal, which, in the presence of alkalis, were ex- 
pected to condense in the following manner (compare Kulisch, 
]fonnhh., 1895, 15, 277): 


COi 


iOH, 




o:cH 

o:cH 



Attempts in this direction, however, have hitherto been unfruitful, 
and further experiments are in progress. 

The determination of the structures of the «^-benzo?sonaphth- 
osazones which have been obtained by analogous reactions from 
6-mtro- and 6-amino- 1 : 2-a-naphthapy rones does not present 
niiich difficulty, as in these cases only the carbon atom 5 is free to 
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participate in the reaction, which can therefore proceed only in 
the following way : 


CO 00 



Experimental, 


i//-l : ^’i^oNa^hthoxa^iOiUy 



This substance was first prepared from 6-aminocoumarin bv 
heating it with glycerol and sulphuric acid in the presence of 
6*nitrocoumariii as the oxidising agent, according to the original 
directions of Skraup QlonaUh.^ 1880, 1, 316). The use of amino- 
coumarin was dispensed with later and the nitro-coinpound 
employed alone, the following conditions being found to give the 
most satisfactory results. 

6*Nitrocoumarin (16 grams) and glycerol (19 c.c.) were mixed 
together, and concentrated sulphuric acid (17 grains) was gradii- 
ally added, the mixture being cautiously heated in an oil-bath. 
A violent reaction set in at 145 — 150^, and as soon as this occurred 
the flask was removed from the bath and shaken vigorously. After 
the first reaction had subsided, the contents, which had now 
assumed a dark, tarry appearance, were again gradually heated 
to 160 — 170°, and maintained at this temperature for five to si> 
hours. After cooling, the solid mass was broken up and repeatedh 
warmed with small amounts of water, and filtered until the filtrate 
ceased to exhibit a blue fluorescence. The latter, on keeping, 
deposited a small amount of crystals, which were found to be 
unchanged nitrocoumann. This was removed and the acid filtrate 
rendered alkaline with dilut^e sodium hydroxide, care being taken 
to avoid an excess, as the freshly precipitated : 8-7v'onaphth- 
oxazone dissolves to a considerable extent in dilute alkali hydr- 
oxide even in the cold. The voluminous, pale yellow precipitate 
was collected, washed with cold water, and crystallised twice from 
boiling dilute alcohol with the aid of animal charcoal, 
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Thin, silky needles were deposited having a faint yellow colour 
and melting at 232° (uncorr.). The yield of the crystallised sub- 
stance amounted to a little more than 6 grams, approximating to 
40 p6r c©nt. of roquircd. by tliBory : 

0-0930 gave 0-2488 COg and 0-0326 H/). C = 72-9; H = 3-9. 
0-1333 „ 8-3 c.c. N 2 at 30° and 745 mm. N==6'9, 

CijHAN requires C=73-l; H=3-5; N-7-1 per rent. 

The substance dissolves readily in alcohol, ether, chloroform, etc 
to form colourless solutions, but its solutions in dilute sulphuric 
and hydrochloric acids exhibit a pale blue fluorescence, which is 
best seen on dilution. The crystallised substance is insoluble in 
dilute sodium hydroxide solution in the cold, but dissolves on boil- 
ing to give a deep yellow solution. The latter, on cooling and 
carefully neutralising with dilute sulphuric acid, slowly deposits 
the original material in a crystalline condition. 

The hydrochloride^ is precipitated on pas,sing dry hydrogen 
chloride into a solution of the substance in 90 per cent, alcohol. 
It forms a white, granular powder after being washed with absolute 
alcohol. 

The mercurkhloride crystallises from water in long, ‘colourless, 
soft needles. 

The potamum mercuri-iodide, which is first obtained as a curdy, 
white precipitate on adding Meyer’s solution, very quickly changes 
into lustrous, leafy crystals. 

The picmte is precipitated on mixing the constituents in hot 
benzene solution. It forms a yellow, crvstalline powder nieltiu^ 
ar 212°. - « i 

The pl-aUnicidoride, prepared by the usual method, crystallises 
in yellowish-brown needles: 

0-0757 gave 0‘0177 Pt. Pt^23-4. 

(Ci 2 H 70 . 2 N), 2 ,HoPtCIf;,K ,20 requires Pt-23-6 per cent. 

The avrichloride forms a bright yellow, crystalline precipitate, 
which rapidly turns brown in the air. 

The dichromate crystallises in orange-red iirisms. which are 
almost insoluble in water. 

The fcrrocyfinule forms a shining, crystalline jiowder, which has 
a very characteristic colour resembling that of catechu. It dis- 
solves in boiling water, the solution having an intense blue fluores- 
(Once. The ferrocyanide appears to be partly decomposed in the 
process of boiling its solution, as, on cooling the aqueous solution, 
the salt does not crystallise out, but a deep blue powder is gradii- 
ahy deposited along with clusters of small, colourless needles, \vhich 
'^ere identified as those of tho original base. 
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A series of ammonium iodides has been obtained from ^4 : 8-tso. 
naphthoxazone by union with the alkyl iodides. These were pre- 
pared by the general method of heating the base with the alky] 
iodide, with the addition of a little absolute alcohol, at 140*^ in 
sealed tubes. They possess a dark yellow to red colour, are fairly 
readily soluble in w'ater, and crystallise on concentrating their 
aqueous solutions. The following have been prepared : 

iS-isoNdphfhos'ttxonc l^^onetJu-odide crystallises in thin, 
scarlet-red plates melting at 246°. The aqueous solution has a 
faint yellow colour : 

04655 gave 04138 Agl. 1 = 3745. . 

CigHioO^NI requires 1 = 37*46 per cent. 

It is practically insoluble in the ordinary organic solvents, such 
as benzene, ether, chloroform, etc., but readily dissolves in warm 
xylene to form a dark red solution with a fine violet fluorescence. 

The 'N-ethiodide, C|4 Ht 202NI, forms orange-red crystals melting 
at 206°. Its solution in xylene has a reddish- violet colour and 
exhibits an intense pink fluorescence. 

The '^-v.-butyl iodide, Cji^H^qO^NI, fonns a dark yellow powder 
melting and decomposing at 209°. It agi'ees with the foregoing 
derivatives in its general behaviour. 

The 'H-am.yl iodide, Ci7Hjf^02NI, melts and decomposes at 210^^, 
It closely resembles the butyl derivative in its physical properties. 

In order to examine the effect of the displacement of the alkyl 
groups by other complex groups on the colour of these substances, 
the following compounds were prepared, the first two of which were 
practically colourless, whilst the last had a pale yellow tint. 

The ^-allyl bromide, Ci5Hj202NBr, forms small, white needles 
melting and decomposing at 320°. 

The 1^-benzyl chloride, C19HJ4O2NCI, crystallises from water in 
green needles melting at 265°. 

The "^-phenylacetyl hrumidt, C.2oHi403NBr, forms a pale yellow, 
crystalline powder melting and decomposing at 350°, 


5:6:7: ^~Tetrahydr(hrl>-\ : ^-i^maphihoxazone. 

^-1 : 8-«>oNaphthoxazone (2 grams) was dissolved in concentrated 
hydrochloric acid (30 c.c.), granulated tin (5 grams) added, and 
the mixture gently boiled on a sand-bath under reflux for seven 
to eight hours. Next day water was added, and the tin was 
removed as sulphide. The filtrate was concentrated to about 
100 c.c., and rendered alkaline with dilute ammonia; on cooling, 
the tetrahydro-derivative slowly separated in golden-yellow needles. 
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A siugl® crystallisation from hot water, in which it was moderately 
soluble, rendered it quite pure, and the substance then melted 
sharply at 148®: 

0-1624 gave 0-4257 COg and 0'0818 H.O. 0-71*5; H-5*6L 
0*1884 „ 12*2 C.C. N 2 at 26® and 74’2 lum. N = 7*3. 

O 12 H 1 AN requires 0=71*64; H-5'47; N-7*00 per cent. 

The N-w 7 r 6 >«( 7 - derivative, prepared in the usual manner, crystal- 
lised from alcohol in almost colourless needles melting at 175°; 

0*1448 gave 15*15 c.c. N 2 at 22® and 757 mm. N = 12*l. 
CjgHjQOgNg requires N = 12*17 per cent. 

The hemoyl derivative, CjgHjjOgN, forms colourless plates, 
sparingly soluble in alcohol and melting at 252®. 

9-Methyl-^-l :S-ismaphthoxazone was prepared from 6-nitro-7- 
methylcoumarin, the same precautions being taken as in the case 
of the preparation of the unsubstituted naphthoxazone. The pro- 
duct amounted to 3 grams from 8 grams of the nit ro- derivative, 
the yield being approximately 35 per cent, of the theoretical. It 
crystallises in colourless needles melting at 200 ® : 

0*1040 gave 6*4 c.c. N 2 at 30° and 744 mm. N — 6 - 8 . 

CjgHAN requires N — 6-63 per cent. 

The picrate crystallises in prismatic needles melting at 209®. 

The dichromate crystallises from water in orange-yellow, flat 
prisms. 

The ferrocyanide forms a chocolato-red, crystalline powder. 

The pdatinichloiide crystallises in deep yellow, small needles. 

The aunchl&ride forms an amorphous, yellow precipitate. 

The merctinchloride crystallises in soft, colourless, woolly needles. 
The potassium mercurnodide forms clusters of pale yellow, 
prismatic needles. 

5:6:7: $~Tetrahydro-\)-metltyi-^-l : S-iso/iaphthoxazorie, prepared 
from the corresponding methyl naphthoxazone by reduction with 
tin and hydrochloric acid, crystallises in golden-yellow needles 
melting at 180®: 

0*1650 gave 9*9 c.c. No at 27® and 751 mm. N 5 =^ 6*75, 
CjgHjgOoN requires N = 6*51 per cent. 

The ntiroso-derivative, CjgHjoOgNo, forms a colourless, crystal- 
line powder melting at 155®. 

:8-isonaj)hthoxazone was obtained in a 20 per 
cent, yield by heating 6 -nit ro-4 : 7 -dimethyl coumarin (m. p. 250®) 
with glycerol and sulphuric acid under the usual conditions. It 
crystallises from warm alcohol in silky needles nieltiug at 238® : 
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0-1249 gave 7 c.c. N2 at 27° and 748 ram. N = 6-3. 

Cj^HijOoN requires N = 6'20 per cent. 

The pifyraU crystallises in yellow needle melting at 197*^. 

The dichromate forms a dark red, crystalline powder. 

The ferrocyanide forms intense red, small prisms decomposing 
above 300^. 

The methiodide, C15H14O2NI, crystallises from water in dark 
brown needles melting at 195^. 

5:6:7: S-Tetrahydro-i : ^-dimethyl-ilf-l : ^-kofvaphthoxazmt 
crystallises from alcohol in bright yellow needles melting at 190° 
It is practically insoluble in hot water : 

0-1438 gave 7-8 c.c. N2 at 26^ and 748 mm. N=6T5. 

Cj4Hj 502N requires N = 6'10 per cent. 

The 7ti^/o5o-derivative, 014114403^, prepared by adding a veiy 
dilute solution of sodium nitrite to a solution of the base in diiult 
hydrochloric acid at 0°, forms a colourless powder melting at 
161°. 


\l!-Ben:0'\ : ^-hoHUphtlio^/cconc , 


CO 


\/\ 

Ni 


I I 

Y. 

0 


The starting point in the synthesis of this substance is 6-n.iiro- 
1 :2-a-iiaphthapyrone, C|3H704TSI, which does not appear to have 
been described before. It was prepared by the ordinary process 
of nitrating 1 : 2-a-naphthapyrone dissolved in glacial acetic acid, 
adding concentrated sulphuric acid, and warming the mixture on 
the water-bath. It separates from hot glacial acetic acid in pale 
yellow nodules melting at 197°. 

The assumption that the nitro-group enters position 6 is based 
on the fact that the 6-nit ro -derivative is funned first iu the nitra 
tion of 4-methyl-l : 2-a-naphthapyrone (Dey, T., 1915, 107 , 1613). 

\l>-Benzo~l :S-iso7iaphthoxasone crystallises in soft, pale yellow 
needles melting at 243°. The yield amounted to 30 per cent, of 
the weight of the nitro-compound employed : 

OT490 gave 7-8 c.c. at 24-5° and 759 min. N=5’9. 

requires N = 5*6o per cent. 

4:'MethyU\l/-he)}zn’l iS-honayhthoxazonc was prepared from 
6-uiti-o-4-methyl-l : 2-o-uaphthapyrone, and d exhibited the same 
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characteristics as the foregoing compound. The yield in one 
instance amounted to 50 per cent, of the theoretical. 

It crystallises in pale yellow needles melting at 231° : 

0'2291 gave 11'4 c.c. N 2 at 24° and 759 nim. N = a‘6. 
Ci^HjiOoN requires N = 5'36 per cent. 

ORGANIC Chemical Labobatory, 

Presidency College, 

Calcutta. [Received, March 1919.] 


XL . — Mercury Mercaptide Nitrites and their Reaction 
with the Alhyl Iodides. Part V. Chain Com- 
pounds of Sulphur (continued). 

By Sir Prafulla Chandra Ray and Prafulla Chandra Guba. 

The present series of investigations has hitherto been confined to 
derivatives of monomercaptans ; it has now been extended to those 
of the dimercaptans, of which 2 : o-dithiol-1 : 3 ; 4-thiodiazole may be 
taken as a typical representative. 

When this dimercaptan is treated with mercuric nitrite, a 
dimercaptide dinitrite, 

OoKHgS-C:N-N:C'>SHgNO, 

I . ' 

is not obtained, but the nitrous acid simultaneously disengaged 
o.ddises the hydrogen atoms of two, three, four, and even six 
molecules of the dimercaptan, and the sulphur atoms become linked 
together and give rise to an interesting series of closed chain com- 
pounds. The maximum number of sulphur atoms forming the 
connecting link between two adjacent nuclei in the condensed 
complex molecule thus formed has so far been found to be twelve, 
riius, in the case of a tri nuclear condensation, we have 

^•R"*8H 0 HS'H 'SH 0 HS-1V‘S 

HgNO, ONOH^ 

S*R''\S*S*K^‘8’S*U'S 
I I 4-i\.303 + 2H,0. 

Hg 0 Hg 

R’ denotes llie bivalent group | 1 . 
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Th 0 heavy molecule of the dimercaptide dinitrite cannot retain 
the load of two NOg groups^ and hence rupture takes place, as 
indicated by the dotted line, and a closed chain sulphoxy-deriv- 
ative is finally formed with the liberation of nitrous fumes. *lhe 
compounds thus generated are not, as a rule, nitrites. Some pre- 
parations, however, responded slightly to the nitrite tests, hut the 
percentage of nitrogen due to the presence of nitrite was very 
low, proving that the proportion of the latter was insignificant. 
The occasional presence of some nitrite goes to establish the fact 
that the oxy- com pound is in reality a decomposition product of the 
former. 

If, instead of the dimercaptan itself, its potassium salt is used, 
the tendency towards oxidation by nitrous acid is excluded and 
a m ere ap tide nitrite of the formula 

KS-C:N*N:C*SHgN02 

' « ' 

is obtained. 

The sulphoxy-compounds may be represented by the general 
formula where x^2, 3, 4, or 6. A condensation 

product of five molecules has not yet been obtained. It is not easy 
to explain why in one operation the value of x should be two and 
in others it should rise to six; possibly the concentration of the 
parent substances is the main determining factor. It has often 
been found that two preparations under similar conditions had 
identical compositions. In the majority of cases, the value of x 
was found to be three, occasionally two and four, and only rarely 
six. 

The preparations could not have been admixtures, because eacli 
of them strictly conformed to a definite formula. The most con- 
vincing proof of these compounds being of definite composition, 
however, is afforded by their reaction with the alkyl iodides. These 
sulphoxy-compounds behave exactly like raercaptide nitrites, and 
yield, as a rule, the corresponding sulphoiiium derivatives and, in 
a few cases, those with a less number of nuclei. The reducing 
action of the alkyl iodide removes the oxygen atom of the sulphoxy- 
ring, and, the bonds being thus sna})ped, an open-chain compound 
i? formed, thus: 


i ! 

H,, 0 Hg 


HI 


THgS-R"%S'8-R"*H-S*R"*SHgI . 


The six sulphur atoms of the chain now become quadrivalent by 
taking uji the components of the alkyl iodide. 
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In this manner, a series of tetra-, hexa-, octa-, and dpdeca- 
gulphonium compounds have been prepared. Each of these, with 
the exception of the propyl and butyl derivatives, is characterised 
by its crystalline character, and, moreover, its successive crops have 
the same melting point; the possibility of their being mixtures is 
thus precluded. 

Another interesting point is the shifting of the double bonds, 
thus : 

N— N N=:N 

!l 1| ! I 

•C C' ^.>0 C<p , 

\/ ^ \/ 

8 S 

where R = methyl, ethyl, propyl, or butyl. As a rule, this is con- 
fined only to one nucleus. There is here evidently an extension 
of Thiele’s theory to nitrogen compounds, 

In one isolated instance, and that in the case of the reaction 
with inethyl iodide, instead of there being a shifting of the double 
bonds, both the pairs of nitrogen and carbon atoms throughout the 
molecule were saturated by taking up additional methyl groups, 
dins; 


N— N 

1' : 

Mh 

MeN— NMe 

■c u- 

\/ 




s s 


Experimental. 

S 1 1 Iphnxy -compov nds . 

(hneral Methoil of rrcparation—^ :5-Dithiol-l ; 3 : 4-thiodiazole, 
prepared according to Busch’s method (/fer., 1894, 27, 2518), in 
dilute alcoholic solution, was added drop by drop with vigorous 
stirring to a solution of mercuric nitrite, care being taken that the 
latter was always in excess. In this manner, a semi-gelatinous, 
pale yellow precijiitate was obtained, which was w'ashed wdth water 
and dried in a vacuum desiccator. The powdered, granular mass 
was then heated under reflux successively wuth alcohol and benzene 
to remove any adhering accidental organic impurities, namely, the 
parent dimercaptan or its oxidation product, the disulphide. This 
precaution was, however, found to be iiunecessary. The com- 
pounds obtained in this way are ahvays associated with some mole- 
cules of water. 
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Potas^um Salt of \ i-thiodiazole and Mercuric 

Nitrite. 

With an aqueous solution of the potassium salt, a compound of 
KS'C:N'-N:c-Stfgm 
the formula i 

with 12HnO is obtained. Analysis of the substance gave: 

Found: Hg = 31'50; S = 13‘89; C-3'53; H — 5'34.* 
aO.N.S.HgK,12HoO requires Hg = 30-81; S==1479; C=370; 
H = 3‘70 per cent. 


^:b-UithioI-l :Z’A-thiodiazole and Mercnrir NUnte: Formation oj 
the Dinuclear SuJpho.o/ com pound , j | ,3H^O. 

JJg Q - 

Found: Hg-52'57, 52-42; S.- 23-76; N-f'SG. 

( reqiiiies Hg--52-22 ; S-25 07; N-'7-31 per 

cent. 

S*0,N,S-S,’e.N,8-SrC,N>S 

Trtnnchar Sulidio-fii-cuw pound ^ \ 

Hg 0 Hg 

Tn this case, each distinct lu'epa ration gave the compouiui 
associated with $, 5, and 2 molecules of water respective! v. 
Compound vith 8H.,0. 

Found: Hg-40-21; S = 27'56; 8'50; X-^S-IS. 

t\iON,;S(,Hgn.8HnO requires Hg — 39-85 ; S-28’69 ; C>- 7-17; 
N=^8'37 per cent. 

Compound with SH^O. 

Found: Hg-42'07; S = 30-21; X = 9-36. 

C«ON5S,,Hg,,5H.,0 requires ng=42'll; S = 30-31; N=8'84 per 
cent. 

Compound mth 21 LO. 

Found: Hg = 45'33; S = 31-40; N-^9*52. 

Q^N 6 S 9 Hg 2 , 2 HoO requires Hg =44-65; 32*14; N=-9-38 per 

cent. 

On repeating the preparation, the same trinuclear condensation 

The percentage of hydrogen is often too high as traces of mercury 
vapour are apt to be carried over to the calcium chloride tube; in many 
cases, therefore, the value of hydrogen has not been given. 
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jtotluct was obtained, although soraetimes in an impure form, 
’bus HI preparation there was found Hg = 42’52, S- 34-54, 
lid iR another, IIg--43‘72, S = 31*53. However, on treating each 
)f these with the alkyl iodides, the same sulphonium compound 
vas obtained (see p. 546). 

Tetranudear Sulfhoxy- compound, (C2N2S5)4,Hg20. 
C&mpound with SHgO. 

Found: Hg=37-94; 8 = 37*54; N = 11-4S. 

CjONgSiJigo^BHnO requires Hg~37-67; S-3616; N = 10-55 per 
cent. 

Compound, with bHgO. 

Found; PIg = 37-21; S-35’13; N-9-55. 

CijONgSiobtgojSHjO requires Hg = 36-43; 8 = 34-97; N=10-2 per- 
cent. 

l{ e.ranuchar Sulphoxy-compound , (C2N2S3),;.Kg20,7 HwO. 

Found: Hg = 28-52; 8 = 39-82; N = ll-59. 

Oi.^ONi^.S^HgoJHoO requires Hg = 27-97; 8 — 40-28; N = 11-75. per 
cent. 


Reaction iiith the AUcyl Iodides. 

Central Method of Frejutnition . — The above sulphoxy-deriv' 
utives were heated with the alkyl iodides on a water bath un(^er 
reflux for several hours, the product being allowed to remain over 
ni^ht. Sometimes a crystalline mass, and occasionally a lieavy, 
dark brown oil. settled at the bottom ; the excess of alkyl iodide 
was decanted or distilled off, and the product dissolved in the 
minimum quantity of acetone and the solution filtered from the 
insoluble matter whenever necessary. On adding ether to the 
filtrate, a pale yellow, mealy, crystalline precipitate was obtained, 
and this process was repeated in order further to purify the 
substance. 

D i n u cl e ar C o ndtn sation. 

The Com povnd, C^ONjSgHg.,, and Methyl Iodide : Formation of 
the Compound^ 

Me N— N Me Me N==N Me 

THg-S-“C C-S— OMe*8-Ho-l (Th 

\/ \/ 

r s 1 T s 

The product melted at 101—102^. 


T 
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Found: Hg=25-94; 1=49*23; C=7-75. 

CjoHiaNAHggle requires Hg= 25-84; 1=49-33; 0=7-75 per cent. 

The corresponding coTiipomd with ethyl iodide (II) was sparingly 
soluble in acetone, and was therefore purified by crystallisation 
from the boiling solvent; it melted at 107°. 

Found: Hg = 24-19, 24-58; 1=43-20*; C= il'2o, 11-4^ N = 3-5;i 
CigHgoN^SfiHgsIfi requires Hg = 24-51; 1=46-69; 0=11-76; N=3-43 
per cent. 

The corresponding dinuclear tebrasulphonium compounds with 
n-propyl and n- butyl iodides did not crystallise, but consisted of 
dark brown, pasty masses, which were purified by repeated pre- 
cipitation with ether from acetone solution. 

Compound with n-propyl iodide (HI). 

Found: Hg=23-89; 1 = 44-74; 0=14-05. 

C 22 H 42 N 4 SftHg 2 le requires Hg = 23'31 ; 1=44-40; 0=15*38 per cent 

Compound with n^hitlyl iodide, (IV). 

Found: Hg = 21'77; 1 = 41-75; 0 = 17-66; N = 3-U. 
asH^NAHg.Ic requires Hg = 22-22; 1=42*33; C-18-60; N=3-ll 
per cent. 


Trinuclear C onden^atio n, 

V'he Compound^ C^ONgS^Hgo, and diethyl Iodide : Formation of 

the Compound; 

Me N— N Me Me N— N Me Me N— N Me 

THg-S—C C-S— S— C C-S— S— CMe CMe-S*HgT (Y). 

[ V ^ ^ 

I H I I s I I S I 

The product of the interaction was an oil. It was dissolved in 
hot acetone, and the solution, on cooling, deposited a crystalline 
mass, which when recrystallised from hot acetone yielded needle- 
shaped crystals melting at 101 — 102 ° identical with the compound, 
described above. The original mother liquor, on 
concentration, gave two successive crop^ melting at 85—86°. 

Found: Hg=2l-55; C= 8 - 66 . 

^14 ^24^6^9^ ^ 2^8 ^squires Hg = 20‘20; C = 8-48 per cent. 

As a large quantity of copper powder has to be used and the process is a 
T if values for iodine and sulphur are sometimes too low (see 
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C&mpound ivith 

are Saturated, 

i Me NMe-NMe Me 

I ^ i I 

•S— OMe CMe-S- 

I I \/ 1 

! I s I 


Iodide in which all the Bouhle Bonds 


Hgjf^ (VI). 


The method of preparation and purification was the same as in 
the case of the preceding compound. It is a white, crystalline 
substance melting at 94^^. 

Found: Hg = 18-24; S = ll-36; 0=13*15; H = 2-54. 

C 24 H 54 NgS 9 Hg 2 lg requires Hg=18’78; S = 13’52; C=13’52; 

H = 2*53 per cent. 

The formation of this type of compound has been observed only 
in this one instance. 


(Jornyound v^ith n-Propyl Iodide (VII). 

This conforms to the ordinary type. 

Found: Hg = 18-54; I = 44'61 ; 0 = 16-47. 

C;jQH 56 N(;S 9 Hg 2 lg requires Hg= 18-14; 1 = 46-1; C = 16-33 per cent. 

As will be noticed, the trinuclear sulphoxy -compound gives with 
methyl iodide compounds I and V, the latter being the chief pro- 
duct. This tendency towards the fprmation of the dinuclear tetra- 
sulphonium compound from the higher nuclear sulphoxy-compouilds 
is particularly noticeable in the case of the reaction with ethyl 
iodide, when only the dinuclear sulphonium compound (II) is 
obtained, even from tri- and tetra-nuclear sulphoxy-derivatives. 
In all these cases of formation of a lower member from the higher 
sulphoxy-compoimds, a dark brown, pasty substance with a 
penetrating odour and lachrymatory properties was always pro- 
duced, which resisted all attempts at purification. 


H e xanucl ear C o nd e n sat i o n. 

The Compound, CjoGNi-^H^ciHgo, and Etht/l Iodide: Formatioji of 
the Compound^ 

- Et N— N Efc ; Et Et 


IHg* 


*S-C C-S- -S-GEt GEfS^Hgl (VIII). 

\/ 1 I \/ ] 

I R I J,I S I 


Tills melted at 90 — 91®. 
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Foimd: 1=50-03; N = 3'90; C=13-14. 

requires 1 = 51-20; N = 4-84; C=13 82 per cent. 

It will thus be seen that the type persists throughout m that 
the alteration in the position of the double bond is limited to only 
one nucleus of the chain. 

In the previous communications, the compounds there described 
were tentatively classed under the sulphonium group, r^hough „„ 
direct proof could be adduced in support of this vmw^ . /T ' 

purest compounds of this series, namely, MeEt^,Hgl 2 ,KtI (T., 
1916 109 606) was selected for molecular -weight determination 
in ac’etone’solution by the ebullioscopic method; the value obtamed 
was 712, that required by theory being 718. It is thus evident 
that the constitution is atomic (compare Hilditch and Smiles, T., 

1907, 91 , 1396). , . .. 

A study of the physical properties of the interesting poly- 
sulphonium compounds treated of in this paper is being unde- 
taken which, it is hoped, will throw addilional light on their 
constitution. 


('HKMfCAL LaBOBATORY, 

CoBLKOK or SCIENCK, 
University of Caecotta. 


[Jici'cind, yoventber 1918 .] 


XLl— Mercury Mercaptide Nitrites and their 

action ivith the Alkyl Iodides. Part VL Cluiin 
Compou7ids of Sulphur (continued). 

By Sir Prafvlla Chandra Ray. 

The present investigation deals with the chain compounds of sesa- 
valent sulphur. On treating the product of the interaction of 
thiocarbamide and mercuric nitrite, namely, the sulphoxyntnte, 

NH,-C(:NH)-S(HgNO,)<]i|’ (T., 1917, 111 , 102), with ethyl 

iodide, a yellow, crystalline substance was obtained which was 
soluble in acetone, and, on purification by precipitation with ether, 
melted at 98 — 100'^. Analysis proved it to conform H) the formula 
E^S 2 ,EtI, 2 Hgl 2 ; in other words, it is a member of the 
disulphoniiim series' already described (T., 1916, 109 , 134) with 
an additional molecule of mercuric iodide in combination, to which 
should be assigned the constitutional formula 

IHg'SEtJo-SEtl-HgV 
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one of the sulpliur atoms in the chain becoming sexavalent. The 
formation of this compound suggested the possibility of the direct 
conversion of all the members of the series RR^SgjR^IjHgl, into 
RR^S 2 jR^Ij^Hgl^. This anticipation has been realised with one 
notable exception. When the alkyl group happens to be methyl, 
combination with an extra molecule of mercuric iodide does not 
take place, The presence of the radicle ethyl, on the other hand, 
favours the combination. Thus in the above series, where R = Me 
and R^~Pr* or butyl, the extra valencies of the sulphur atom are 
not revived, but if R^ happens to be ethyl, this anomaly disappears. 
To what extent the ethyl group favours the increase in valency 
will be evident from a typical case. When mercury ethyl- 
mercaptide nitrite, EtS'HgNOg, is treated with methyl iodide, by 
ail interchange of the radicle, the compound, EtMeSa^HglgjMel, is 
obtained (T., 1916, 109 , 603) j but in this case, although there are 
two methyl groups, the presence of a single ethyl group is sufficient 
to counteract the prejudicial influence of the former, and the com- 
pound, EtMeS 2 ,MeI, 2 Hgl 2 , is readily formed. 

The marked genetic affinity of the radicle ethyl for sulphur and 
its influence on the increase in its valency is further evidenced by 
the fact that a compound of the empirical formula 
Et4S2,2EtI,Hgl2 

has also been obtained from ethyl sulphide by its reaction with 
ethyl iodide and mercuric iodide. On repeating Smiles’s experi- 
ment (T., 1900, 77, 161), under slightly altered conditions, with 
a view to ascertain the maximum valency of sulphur, it was noticed 
that whilst the main product was the compound, Et^SIjHglg, as 
found by this author, there was always a considerable amount of 
a, shining, crystalline substance, practically insoluble in cold 
acetone. As it had a sharp melting point when crystallised from 
hot acetone, it was analysed, with the result that the formula 
given above was established. What evidently happens is that 
under the joint action of mercuric iodide and ethyl iodide, or 
rather their ions, the bivalent sulphur atoms of two adjacent mole- 
cules of ethyl sulphide become sexavalent, with the formation of 
the compound, SEtglg’SEt^I'Hgl. 

It is remarkable that if, in the above reaction, ethyl iodide is 
substituted by methyl, propyl, or butyl iodide, the product in 
each case is completely soluble iu acetone aud conforms to the 
general formula Et^RSI,Hgl 2 , but no product of the fusion of two 
ethyl sulphide molecules is formed. The differential property of 
ethyl as compared with other alkyl radicles is thus brought into 
relief. 

It was expected that the general method of the preparation of 
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the disulphoni’din compouudii already described, namely, the treat 
meiifc of ethyl ynercurhuercaptide nitrite, EtS'Hg'NOg, with ethyl 
iodide, should also yield the chain compound containing both the 
sulphur atoms in the sexavalent state. This expectation has also 
been realised. The latter compound is produced in such small 
amount that on previous occasions its formation was overlooked. 
It has already been shown that ethyl disulphide, ethyl iodide, and 
mercuric iodide also combine directly to yield the disulphonium 
compound, Et 5 S 2 ,Hgl 2 ,EtI {loc, cit.). Recently, this preparation 
has been repeated, and it has been found that the sexavalent 
disulphur compound is also formed in considerable quantity along 
with the former. It is thus evident that both the chain com- 
pounds, containing quadri* and sexa-valent sulphur respectively, 
are formed simultaneously. 

It is of interest to note that Smiles and Hilditch, who treated 
an acetone solution of molecular proportions of ethyl disulphide 
and mercuric iodide with ethyl iodide, obtained diethylthioethyl- 
sulphonium dimercuric iodide, {C2H5)3S2lj2Hgl2 (T., 1907, 91, 
1396). It is evidently the same compound as has been described 
above. 

An explanation may be offered as to why it is that in the first 
series of compounds only one of the two atoms of sulphur exists 
in the sexavalent condition; here the quadrivalent sulphur, being 
already weighted with the heavy load of the ions Hgl' and has 
lost the capacity of taking up an additional charge ; in other words, 
of acquiring the maximum valency. In the solitary instance, how- 
ever, in which both the sulphur atoms happen to be sexavalent, it 
will be noticed that there is only one set of Hgl* and ions; the 
sulphur atom combined with the latter has attached to it three 
additional comparatively light ethyl radicles, w^hereas the other 
sulphur atom, not having to bear the load of the heavy Hgl-group, 
is in a position to take up three ethyl groups and two iodine atoms. 
Facts are already known which go to support the view that the 
maximum valency of an element is often conditional on the load • 
of the radicles. The author hopes in a succeeding communication 
to show that platinum when attached to the radicle of 5-thiol-2-thio- 
3-phenyb2 : 3-dihydrorl : 3 : 4-thiodiazole, is in the tervalent con- 
dition. It is none the less inexplicable why the light radicle 
methyl should stand in the way of one of the a^gms of sulphur 
attaining its maximum valency. The anomalous behaviour of the 
first member of the alkyl series is, however, well known. 
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E XPERI MENTAL. 

The general method of preparation of the series R282,RI,2Hgl2 
has already been incidentally described. These members are 
readily obtained by dissolving the corresponding disulphonium 
compound in acetone and adding mercuric iodide to the solution 
until no more is absorbed. The golden-yellow liquid is decanted 
from the undissolved iodide, and, on adding ether, a copious deposit 
of yellow, mealy crystals is obtained. Solution in acetone and pre- 
cipitation by ether is repeated until the product gives a fairly sharp 
melting point. It has been found that in some instances, especi- 
ally in the case of the methylsulphonium compound 
Me2S2,MeI,Hgl2, 

the acetone solution at first takes up a considerable quantity of 
mercuric iodide, but purification by the above process gradually 
removes all the mechanically held salt. 

Comjmmid Et2S2,EtI,2HgL.-(a) From the sulphoxynitrite 
derivative of thiocarbamide and ethyl iodide. The substance 
melted at 98®: 

0’3656 gave 0*1250 Hg, 0*3540 Agl, and 0*1029 BaSO, 
Hg = 34-19; 1 = 52*32; S = 3*87. 

0*2442 gave 0*0570 CO2 and 0*0356 H.O. C = 6*37; H = l*62. 

(6) By the direct union of mercuric iodide with the compound 
EtjSgjEtl^Hglg. The substance melted at 100 — 101® : 

0*2118 gave 0*0711 Hg, IIg = 33*57. 

0*2118 „ 0*0532 CO2 and 0*0325 C = 6*85; H = l-71. 

requires Hg-33*73; 1-53*54; S = 5*4; C = 6*07; 

H = 1*26 per cent. 

Compound MeEtSo,EtI,2HgL (m. p. 38—40°) : 

0*3840 gave 0*1236 Hg and 0*3768 Agl. Hg = 3219; 1-53*03. 

0*2094 „ 0*0452 CO2 and 0*0466 H.O. C = 5*87; H-2-47. 

requires Hg = 34*14; I-5*^4*19; C-o*12; H = l*ll 
per cent. 

('Orupound MeEtS2,MeI,2HgT2 (in. p, 50 — 55®): 

0*2467 gav4 0*2483 Agl and 0*0840 Ilg. Hg=34'05; 1 = 54*39. 

H428 „ 0*0286 CO. and 0*0211 H.p. 0=5*46; H = l*64. 

requires Hg = 34*55; 1 = 54*84; C = 4*14; H = 0*95 
per cent. 

Compound EtPr“S2,Pr<‘r,2HgIo + 03li<jO (m. p. 30— 31®).— This 
^oaipound contains one molecular proportion of acetone: 

VOL. CXV, Y 
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0-4410 gave O'UOO Hg. Hg-31-75. 

0-1629 „ 0-0586 CO. and 0-0352 lip, C = 9-81 ; H = 2-40. 

C8Hp5S2Hg2,C3Hp requires Hg = 31-45j C=10-38; H = i97 
per cent, 

Compound Et(CP9)S2,C4HjI,2Hgl2 + i5C3HgO. — The substance 
had the consistency of treacle, and contained i5 molecular pro- 
portions of acetone: 

0-3879 gave 01153 Ilg and 0’3272 Agl. Hg:=^29-72; 1=45-58, 
0-1340 „ 0-0649 CU and 0 0363 HP. C = 13-21^ H=3-01. 

CnjH23l5S2Hg2J'5C3HP requires Hg = 30‘10; 1 = 47-79; C=13-10; 
H = 2-41 per cent. 

Compound containing two sexavalent sulphur atoms (m. p. 
146—147°), It was very sparingly soluble in cold acetone, but 
fairly readily so in the boiling solvent: 

0-2991 gave 0-063 Hg and 0-2916 Agl. Hg= 21-06; 1 = 52-69, 
0-4032 „ 0-8400 Hg and 0-2042 BaSO^. Hg = 20-86; S=6-96. 
0-1930 „ 0-1068 COo and 0-0538 HoO. C = 15 09; H=3-09. 
^i«H3,jip.2Hg requires Hg=2il4; I = 53'70; S = 6'77; C= 15*22; 
H = 3-17 per cent. 

Chemical Laboratoky, 

College op Science, 

University oe Calcutta. { lirmwd , January Wi , 1919.] 


XL II . — Mercuric Sulphoxyohloride, 

By Sir Prapulla Chandra R.Iy and Prafulla Kumar Sen. 

The close analogy between mercuric chloride and nitrite has been 
found to hold good throughout the investigations carried on from 
1898 onwards. Thus, whilst mercuric nitrate with sodium sulphate 
at once gives an abundant yellow precipitate of the oxysulphate, 
the chloride and the nitrite fail to give it (T,, 1897, 71, 1103). 
The explanation lies in the fact that the latter salts are very feebly 
ionised in solution, and thus have no tendency to yield basic com- 
pounds. Ammonia, amines, and even a class of alkaloids have 
been found to behave towards mercuric nitrite in a manner similar 
to their action on the chloride (T,, 1913, 103, 3; 1917, 111, 507). 

The substituted thiocarbamides, thiocarbimides, thiobenzamide, 
etc., have been shown to give rise to a purely inorganic suiphoxy- 
nitr’te of the empirical formula [3(SHgN02),Hg0>, which is in 
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reality a chain compound containing six atoms of sulphur linked 
together (T,, 1917, 111, 104), 

An attempt has been made to isolate the radicle (SHgCl) 2 , which 
would be the analogue of mercuric iodosulphide, (SHgI )2 i}oc. cit., 
p. 109), by treating mercuric chloride with some typical thio- 
compounds named above, as also thioacetic acid and ammonium 
(lithiocarbamate. It was expected that in each, case the radicle, 
SHgCI, would become detached from the parent substance and 
lead an independent existence. This expectation has been realised, 
but in a qualified sense. The radicle, SHgCl, no sooner separates 
out than it assumes the form [3(SHgCl),HgO]2, which is the exact 
analogue of the oxynibrite. It has been shown already that the 
complex nitrite containing several nitro-groups, by the elimination 
of nitrogen trioxide, readily yields the oxynitrite. 

It is not easy at first to understand how the chloride would also 
give rise to an oxy-salt. The explanation is obvious when it is 
considered that water takes part in the reaction; the compound 
[3(SHgCl),HgO]2 is formed thus: 

HgCI HgCl HgCl HgCI 

I I I I 

CIHg-S-S S S S-S-HgCl = 

I I... ,.l I 

HgClHolHCl CIHOHClitIg 

HgCl HgCl HgOl HgCl 

III I 

ClHg'S'S S S S-S-HgCl + 4HC1. 

ill I 

Hg 0 0 Hg 

In other words, as soon as the radicle, 8 HgCl, is formed, three 
gi'oiips take up an additional molecule of mercuric chloride, that 
is, the radicles HgCl and Cl and a molecule of water simultaneously 
take part in the reaction, four molecules of hydrogen chloride are 
generated, and the oxygen atom forms the connecting link between 
the mercury atom, the neighbouring sulphur atom, and the two 
ymmetrical complexes coalescing into a single molecule. 

It is necessary to point out that whilst the radicle, SHgN02, has 
often a tendency t-o part company with the parent substance, the 
radicle, SHgCl, on the other hand, often remains attached to it. 
Thus thiocarbamide when acted on by mercuric chloride yields the 
impound NH 2 *C‘NH'SHgCl,HCl, which is actually a hydro- 
diloride, as will be shown in a subsequent communication. If, 
however, thiocarbamide is converted into its diacetyl derivative 
3nd then treated with mercuric chloride, the molecule is ruptured, 

Y 2 
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with the detachment of the radicle, SHgCi, and the formation of 
the oxychloride, 5-Diphenylthiocarb amide also behaves similarly. 
Evidently the introduction of the negative radicles, acetyl and 
phenyl, neutralises the basic character of the compound due to the 
presence of an amino- and imino-group, and deprives it of the 
power of forming a hydrochloride, in which character alone it is 
stable. 

It is a characteristic diagnostic property of mercaptans, real and 
potential, that with mercuric nitrite and chloride they yield the 
mercaptide nitrite and chloro-mercaptide respectively. Thioacetic 
acid, although an acid, contains the group SH and behaves like a 
typical mercaptan, thus: 

CHj-CO-SH Clfs-CO-SHgCl. 

As soon as this compound is formed, it acts on a molecule of 
water, and the scission takes place as shown by the dotted line, a 


CH3-CO--8HgCl 

H 

on ; 


CH,-CO- 


-SHgCl 


molecule of acetaldehyde and acetic acid being formed. 

Ammonium dithiocarbamate assumes the tautomeric fonn, 
.Sn’C(iNH)*HNH4, and both the radicles SH and SNH^ with 
mercuric chloride yield SHgOl, which separates out. 

Allylthiocarbimide, C3H5’NCS, combines with the elements of 
mercuric chloride, and the compound, CsH^-NiCiSChHgCl, is 
temporarily formed, the sulphur atom becoming quadrivalent. As 
this configuration is unstable, a rupture takes place along the line 
of least resistance, the radicle, ISCMIgCl, decomposes into the 
stable radicle, SHgCl, and chlorine, whilst the organic portion of 
the complex, R*N.C., with a molecule of water yields a primary 
amine a 7 id carbon monoxide. 


Expeui mental. 

Method of Preparation . — The thio-compound in aqueous or 
alcoholic solution, as the case might he, was added in a thin stream 
by means of a pipette to an aqueous solution of mercuric chloride 
with vigorous stirring, care being taken that the latter ingredient 
was always in large excess. 

A. granular, white precipitate was obtained, which was washed 
first with water and then with alcohol, and finally dried in a 
vacuum over sulphuric acid. A special precaution is necessary in 
the case of allylthiocarbimide. If an alcoholic solution of it is 
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added to an aqueous solution of mercuric chloride, the white pre- 
cipitate is obtained, but, at the same time, heavy, oily globules 
begin to settle down at the bottom, and it is not always easy to 
separate them from the sulphoxychloride. It is best to add the 
dilute alcoholic solution of the allylthiocarhimide to an alcoholic 
solution of mercuric chloride. The mixture remains clear, but on 
copious dilution with water and stirring, the white precipitate 
egins to appear. The mixture is allowed to remain overnight, and 
10 product collected and treated as before. 

The interaction of each of the above-mentioned thio-compounds 
od mercuric chloride was repeated several times, and the composi- 
Ion throughout was found to be identical. It is therefore not 
ecessary to give the analysis of each preparation; that of one or 
ffo typical ones are given below. 

Action of Mercuric Chloride on Diacetylthiocarh amide. 

Diacetyl thiocarbamide (Kohmann, J. Amer. Ghem. Soc., 1915, 
J7, 2130) was dissolved in water and added drop by drop to a 
iolution of mercuric chloride from a pipette with constant stirring. 
k white, amorphous precipitate was formed which, on remaining 
for twenty-four hours, became granular. It was collected, washed 
with water, and dried : 

0‘3276 gave 0*2591 Hg and 0‘13o4 AgCl. Hg=79T; Cl = 10'2. 
0*2419 „ 0-1048 AgCl and 0*1647 BaSO^. Cl-10‘7; S-9'4. 

[ 3 (SHgCl),HgO]j req^iires Hg-78*7; Cl = 10*5; S~9*4 per cent. 

The absence of carbon and hydrogen was confirmed by repeated 
combustion. 

Action of Mercuric Chloride on %'Diphenylthiocarh amide. 

The hot alcoholic solution of s-diphenylthiocarbamide was added 
) a solution of mercuric chloride, and the mixture was heated 
n a hoiling-water bath under reflux for several hours. The white 
'lecipitate was collected, washed with hot alcohol and finally 
i’ith water, and dried : 

0-2591 gave 0-1097 Aga and 0-169S BaSO^. Cl-10'47; S = 9-0. 
0-3684 „ 0-2902 Hg. ITg-78-8, 

Mercuric Chloride and Thioacetic Acid, 
he-mlt of analysis: 

0-2587 gave 0'2370 HgS. Hg = 79-0. 

01465 „ 0*0625 HgCl and 0*1070 BaSO^. Cl- 10-55; 
S= 10 * 0 . 
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Mercuric Chloride and Allylthiocarbimide. 


Result of arudysis: 

0'3402 gave 0‘2631 Hg. Hg = 77-34. 

0-2795 „ 0-1285 AgCl and O'lSlS BaS04. Cl = ll‘4; S = 8-9. 

The absence of carbon was shown by combustion analysis. 


Chemicajj Laboratory, 
College oe Science, 
University of Calcutta, 


[Received, October 15iA, 1918.] 


XlAil—The Preparation of Cadmium Suboxide. 

By Henry George Denham. 

Various suboxides of cadmium have long ago been described 
(Tanatar, /.eifsch. auorg. Chevi., 1901, 27, 433; Morse and Jones, 
Amer. Chevi. J., 1890, 12, 488, etc.), although other investigators 
have thrown doubt on the existence of these suboxides. The 
following experiments describe the eflforts made to prepare a sub- 
oxide of cadmium in as pure a state as has been the case with lead 
suboxide. 

Decom posit f on of Cndmium Oxalate. 

The first method attempted was that described by Tanatar (lm\ 
namely, the decomposition of the oxalate in a stream of 
carbon dioxide. A sample of cadmium oxalate (Cd = 56'02 per 
cent.) was heated at 300° in a rapid stream of carbon dioxide freed 
from traces of oxygen by passage through heated copper. At the 
end of forty-eight hours the evolution of gas ceased, and examina- 
tion revealed a small quantity of a green material, unmistakably 
containing globules of cadmium, whilst the leading tubes were 
lined with a deposit of the uolatilised metal. This experiment, 
many times repeated, always gave the same result. 

Precisely similar results were obtained when the carbon dioxide 
was not employed, the evolved gases being removed by means of 
a Sprengel pump. Even when the total pressure of these gases 
did not exceed 1 mm., the same green, heterogeneous substance was 
produced. Analysis of this material always gave values closely 
approximating to Cd = 96'5 per cent. (Tanatar’a Cd^O contains 
Cd= 96-56 per cent.). 
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Tanatar and Levin (loc, cit.) also describe how the oxide, Cd,^0, 
was obtained by the decomposition of a basic oxalate under similar 
conditions. A repetition of their experiment always gave a 
heterogeneous grey mass containing free cadmium. 

An attempt was then made to remove by distillation the excess 
of metal present in the decomposition product of the oxalate. 
The mixture was heated to 350° without undergoing any change 
in appearance. The pump was then put into requisition, and in 
ten hours a large deposit of cadmium had volatilised out of the 
oven, whilst the residue was a homogeneous green mass, in which 
the microscope was no longer able to detect free metal. The 
following analytical results were obtained ; 


Oxalate. 

Green substance. 

CdSO*. 

Od. 

Grams, 

Gram. 

Gram. 

per cent. 

2-0 

0*0362 

0-0628 

93-5 

2-5 

00592 

0-1025 

93-4 

2>0 

0-0809 

0-14:01 

93-4 


Cd_,0 requires Cd=:93'36 per cent. 


The method therefore appears to give a green oxide, but owing 
to the strong reducing action of the evolved carb|)n monoxide and 
the difficulty of distilling out the free metal, the method is not 
satisfactory, 


Heducthm hi/ H i/droytti. 

An attempt was made to prepare the suboxide by reducing the 
brown oxide with hydrogen (see Glaser, ZeiUch, anorg, Chem,^ 
1903, 36 , 1). At 240°, after twenty hours’ reduction, the 
Yellowish' green product appeared to be uniform, but the micro- 
scope clearly revealed globules of free metal. Reduction under 
rarying conditions of t'emperature and pressure always led to this 
result. The excess of metal was afterwards removed by distilla- 
tion, and a uniform, yellowish -green product obtained, in which 
the microscope revealed no sign of free metal. Analysis, how- 
ever, showed that this substance was pure cadmium oxide (CdO), 
the colour change being either superficial or due to a different 
molecular aggregation . 


Reduction bg Carbori Monojt'fde. 

It has been shown by Brislee (T,, 1908, 93 , 162) that the time- 
reduction curve of cadmium oxide at 300°, with carbon monoxide 
as the reducing agent, shows a distinct break at a point which 
corresponds with the compound CdjO. Although it appeared 
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difficult to stop the reduction at the precise moment when the 
whole of the higher oxide had been reduced to the suboxide and 
none of the latter to the metal, it seemed feasible to carry through 
the reduction in such a way that the higher oxide was reduced to 
a mixture of the suboxide and metal, and this metal could then 
be removed by volatilisation. 

An analysis of Brislee's time-reduction curve for 300^ shows 
that the break occurs when the reduction has progressed for about 
twelve hours. An experiment was therefore carried out in which 
carbon monoxide was circulated for fourteen hours at 300® through 
two bulbs, each containing about O’ 6 gram of cadmium oxide. One 
bulb was then sealed off, and the other heated in a vacuum for 
eighteen hours. The material in the first bulb was yellowish-green, 
containing visible globules of cadmium, whilst the second bulb 
gave a perfectly uniform, yellowish -green substance. Bulb I con- 
tained Cd-90*4 and bulb II Cd = 87'5, whilst CdO requires 
Cd = 87-57 per cent. This experiment was repeatedly carried out 
at various temperatures between 300® and 310®, and in all cases 
the bulb sealed off before exhaustion contained a considerably 
higher percentage of cadmium than does CdO, approximating often 
to that of Cd^Ojibut a moderately good pocket lens was sufficient 
in every case to show that the reduction product was hetero- 
geneous and contained cadmium. Similarly, the bulb from which 
the excess of cadmium had been volatilised at the temperature of 
the experiment always gave a uniform, yellowish -green product 
exactly similar to that obtained when hydrogen was the reducing 
agent, and the composition of this was undoubtedly that of CdO. 
As a means of preparation of cadmium suhoxide, this method 
therefore fails. 


3/or.s'e and Jones^?, Method. 

Morse and Jones {loc. oil.) have described how anhydrous 
cadmium chloride, when fused with cadmium, gives a product 
having the composition Cd^Cl;. This they consider to be possibly 
a mixture of 3CdCl2 -f CdCl, On treatment with water, the pro- 
duct gave cadmous hydroxide, from which yellow cadmous oxide, 
CdgO, was readily obtained by dehydration. The author has 
repeated this work, and succeeded in reproducing the results 
described by Morse and Jones, but in spite of close attention to 
the details given in the original publication, he has never 
succeeded in converting more than 5 per cent, of the original 
chloride into suboxide, so that, as a practical method of preparing 
the suboxide in quantity, the method is not satisfactory. 
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In conclusion, it may be stated that the suboxide of cadmium 
may be obtained in small quantity by the method described by 
Morse and Jones, as well as by the decomposition of cadmium 
oxalate. The latter method, however, is only of use when the 
excess of metal, always formed during the decomposition, is dis- 
tilled off in a vacuum, but the amount of residual cadmium sub- 
oxide is never more than 4 per cent, by weight of the original 
oxalate. 

The author desires to place on record his appreciation of the 
facilities placed at his disposal by the Walter and Eliza Hall Trust 
for the prosecution of this research. 

The Dkpabtment or Chemistbt, 

Univebsity or Queensland, 

Beisbanb. {Received, Novcjnher lih, 1918.] 


XLIV . — Formation of Diphenyl by the Action of 
Cupric Salts on Organometallic Compounds of 
Magnesium. 

By Jacob Kbizewsky and Eustace Ebenezek Turner. 

A TEW years ago, it was shown (Bennett and Turner, T., 1914, 
105, 1057) that chromic chloride reacted quantitatively with 
magnesium phenyl bromide in the sense of the equation 
SCrClg + 2PhMgBr = 2CrCl2 + 2ClMgBr + Ph-Ph, 
and the reaction was found to be a general one. 

It has now been found that anhydrous cupric chloride behaves 
similarly to chromic chloride. Thus, when anhydrous cupric 
chloride is added to an ethereal solution of magnesium phenyl 
bromide, the following reaction occurs : 

2CuCl2+ 2PhMgBr-Cii.jCl2+ 2ClMgBr-f Ph-Ph, 
diphenyl being formed in almost the theoretical quantity. 
Furthermore, the preparation may be simplified, an equally good 
result being obtained by mixing, at the outset, magnesium turn- 
ings, ejbher, bromobenzene, and cupric chloride in the requisite 
proportions. 

The anhydrous cupric chloride used was either the commercial 
preparation or that obtained by dehydrating the hydrated salt 
atinno 
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Anhydrous cupric sulphate reacts slowly with magnesium phenyl 
iodide, cupric iodide apparently being formed as an intermediate 
compound. It is hoped that this will ultimately lead to the pre- 
paration of cupric iodide. The reactions summed up by the 
equation 

2CUSO4 -t- 2PhMgI = CuoL h 2MgS04 Ph*Ph, 
however, only proceed with difficulty, partly owing, no doubt, to 
the very sparing solubility of the anhydrous salt in ether. 

In the presence of iodobenzeiie, a steady reaction occurs, prob- 
ably according to the equations 

PhMgl r Phi -h CUSO4 = MgS04 + CuL ■] Ph’Ph, 

2CuL + 2PhMgI - Cu.jl. + 2Mgl2 + Ph*Ph. 

Thus when anhydrous cupric sulphate (1 mol.) is added to an 
ethereal solution of magnesium (2 atoms) and iodobenzene 
(3 mols.), a 65 70 per cent, yield of diphenyl is obtained. 

Comparative experiments showed that the diphenyl produced 
was due neither to initial interaction of the magnesium and iodo- 
benzene, 

2PhI-HMg = MgI, + Ph‘Ph, 

nor to interaction between magnesium phenyl iodide and iodo- 
benzene, 

PhMgl -i Phi - Mgl, ^ Ph-Ph. 

The reactivity of cupric sulphate with magnesium phenyl iodide 
seems to depend on the instability of the cupric iodide formed. 
Magnesium phenyl bromide does not react with cupric sulphate 
under similar conditions. 


Experimental. 

Action of Anhydrouif Cupric Chloride on Magnesium Fheutjl 
Bromide . 

Magnesium turnings (4-9 grams) were covered with loO c.c. of 
pure ether, 28 grams of anhydrous cupric chloride and then 
32 grams of bromobenzene were added, and the mixture was w’cll 
shaken. A vigorous reaction set in, and was controlled, when 
necessary, by shaking and external cooling. When the initial reac- 
tion had subsided, the mixture was heated under reflux in warm 
water for two hours, cooled, decomposed with ice and water, and 
treated with excess of concentrated hydrochloric acid in older to 
redissolve the precipitated cuprous chloride. The ethereal layer 
was separated, and the aqueous layer extracted repeatedly with 
ether. The united ethereal extracts were shaken wdth water to 
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precipitate the cuprous chloride remaining dissolved in the acidic 
ethereal solution, dried, and the solvent evaporated. Thirteen 
grams (that is, about 85 per cent, of the theoretical) of pure 
diphenyl were obtained. 

Using 100 C.C., and 55 c.c. of ether instead of the 150 c.c. used 
above, yields of 65 and 50 per cent,, respectively, were obtained, 
An increase in the volume of ether to 200 c.c. was not found to 
be advantageous. 

Initraction oj lodohenzene and Magnesiuni Fhtnyl Iodide. 

Magnesium (4*9 grams), iodobenzene (41 grams), and ether 
(200 c.c.) were converted into the Grignard reagent, which was 
treated with 41 grams of iodobenzene, and the mixture heated 
under reflux for several hours. The product, on decomposition, 
gave 2'5 grams of diphenyl, half the iodobenzene used being 
recovered unchanged. 

Interaction of Anhydrous Cupric Sulphate and Magnesium 
Phenyl Iodide. 

Anhydrous cupric sulphate (32 grams) was added to the Grignard 
reagent, prepared from 41 grains of iodobenzene, 4-9 grams of 
magnesium, and 200 c.c. of ether, the mixture boiled for six hours 
under reflux, and then left overnight. On working up the pro- 
duct, 6 grams of diphenyl were obtained, corresponding with a 
39 per cent, yield on the iodobenzene used. 


Interaction of Cupric Sulphate (1 mol.), Mafinedum (2 atoms), 
and lodohenzene (3 moh.) in. Etherecd Solution. 

Magnesium turnings (4 9 grams) were dissolved in 200 c.c. of 
pure ether in the presence of 62 grams of iodobenzene, and to the 
clear solution 16 grams of anhydrous cupric sulphate were added. 
The mixture was then boiled for three hours under reflux, cooled, 
decomposed with ice, and the solution obtained after acidifying 
extracted with ether, and so on. Sixteen grams of pure diphenyl 
were isolated, corresponding with a 66 per cent, yield on the iodo- 
benzene used. 

The Universitt Chemical Laboratories, 

Cambridge, {Received, April 24/A, 1919.] 
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EDWAHD FRANK HARRISON. 

Born July, 1869; Died November 4th, 1917. 

Edward Frank Harrison was educated at tte United West- 
minster Schools, and in 1884 was apprenticed to a pharmaceutical 
chemist in North London. In 1890 he gained the Bell scholar- 
ship of the Pharmaceutical Society, and proceeded to its school in 
Bloomsbury Square. There he was awarded medals and certifi- 
cates in chemistry, botany, and materia medica, and after passing 
the minor and major examinations he occupied several positions 
on the staff, and carried out research on the alkaloids of aconite. 
While actiiig afterwards for five years with the firm of Messrs. 
Brady and Martin at Newcastle, he successfully used his leisure 
to prepare for the B.Sc. degree of London University. The next 
six years were . spent as head of the analytical department of 
Messrs. Burroughs Wellcome and Co. In 1905 he went into 
partnership in a school of pharmacy, but finally took up the in- 
dependent practice of consulting and analytical chemistry. He 
was an eminent specialist in the analysis of drugs and medicinal 
substances, and as analyst to the British Medical Association made 
nearly all the analyses of proprietary articles which were revealed 
in the two publications "Secret Remedies” and "More Secret 
Remedies.” 

In the Parliamentary inquiry which followed these disclosures, 
Harrison was a most important witness and made a deep impression 
on the Select Committee. The full value of this work to public 
health and public economy has yet to be realised. 

Col. Harrison was a Fellow of the Institute of Chemistry, and 
published a number of papers on his special province of the science. 
His process for estimating the diastatic strength of malts is now 
in general use. He was active both as a student and a past student 
in the life of the Pharmaceutical Society's School, in which he 
was most highly regarded, and to which as his alrm mater he was 
loyally devoted. He was a member of the board of examiners, 
and in 1917 he delivered a thoughtful and valuable address at 
the inauguration of the session. For three years he conducted the 
practical chemistry competitions maintained in the weekly 
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Phanmceutical Journal. His professional life was, indeed, in the 
highest degree strenuous. 

As soon as the War broke out Harrison was impatient to 
join the forces. After being refused several times on the ground 
of age, he became a special constable and a volunteer in the Inns 
of Court Reserve Corps. . Later he succeeded in entering as a 
private in the Sportsmen’s Battalion of the Royal Fusiliers. It 
was by an accident that he came under the notice of the first 
head of the anti-gas service at home, Col. Sir W. H. Horrocks, 
R.A.M.C., who with some difficulty succeeded in securing his 
services. He was given the rank of lieutenant on the general list 
in July, 1915, and from that time devoted himself to the anti-gas 
service. It was only in the last year that his duties extended 
over both branches of the gas service. 

He was promoted major in April, 1916; lieut.-col. in January, 
1917. He was appointed Assistant Controller of Chemical War- 
fare in November, 1917; shortly before his death, his succession 
to Major-General Thuillier as Controller of Chemical Warfare had 
been settled, and in a few days he would have attained the rank 
of brigadier-general. 

Harrison’s work for the war may be considered as falling into 
two periods. In the first period, extending from the spring of 
1915 until November of 1916, he was engaged in research work 
in the anti-gas laboratories at the Royal Array Medical College, 
Millbank, the chief subjects being the improvement of the anti- 
gas helmet, the devising of, first, the large, and then the sjuall 
hox respirator. 

In the early part of this period Harrison was constantly in the 
laboratory, working late into the night. He realised from the 
first the critical importance of speed and the possession of the 
initiative, and up to the last he never relaxed the pace. It is not 
easy to give an idea of the range of problems, their variety and 
complexity, that had to be overcome in bringing to a state 
of service efficiency such simple-looking appliances as the helmet 
and box respirator. The mechanical, chemical, physiological, and, 
one may add, even psychological questions raised were innumer- 
able. Many heads and hands contributed to achieve the success 
that ensued. The apportionment of credit does not arise here, 
but there can be little doubt that all concerned would agree in 
giving Harrison a foremost place. With his scientific knowledge 
were united a strong practical instinct and intuitive judgment, 
which enabled him to seize quickly the essence of a problem and 
the substance of a suggestion, and to preserve a splendid sense of 
proportion. He improved the formula for the impregnating fluid 
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of the helmet, and worked out laboratory tests for controlling its 
component materials and for testing its efficiency. He made numerous 
experiments, in which he fearlessly wore the helmet in gases for 
which suitable quantitative control tests had not then been 
devised. During the late summer and autumn of 1915, he was 
occupied chiefly in getting out the large box respirator. As is 
generally known, this appliance was based on the admirable sug- 
gestion by Bertram Lambert, of Oxford, of a filter of perman- 
ganate-soda-lime granules. The realisation of this plan in the 
form of a box which in itself and its contents should be service- 
able under field conditions was a most difficult undertaking. By 
the end of the year it was completed, and an issue was made early 
in 1916. The production in large quantities at a time when a 
high grade of protection was becoming indispensable for troops in 
special situations was a great achievement, and the large box was 
in its chief essentials the prototype of the small box which not 
long after became and remained the standard protection for troops 
of all arms, ^or the design of the small box, the members of the 
Gas Service in France were able to make valuable suggestions 
based on field experience with the large box. Harrison also made 
many contributions based on his own practical trials. 

During the second period of his work, Harrison was closely 
associated with Col. Sir W. H. Horrocks in the rapid organisation 
and development of factories for the manufacture of respirators. 
Though this withdrew him for the greater part of his time from 
the laboratory, he remained in close touch with it, and at the 
weekly meeting of senior officers his genius for improvisation, his 
sound chemical judgment, and his foresight as to profitable lines 
of work were constantly evident. It was at this period that the 
manufacture of a new type of granule and of absorptive charcoal 
was worked out in the laboratories and transferred under the 
direction of selected officers to manufacturing establishments. In 
the choice of officers, Harrison’s judgment rarely led him astray, 
and his knack of getting the right men into the right place con- 
tributed largely to the success of all his work. The great success 
of the small box respirator and its remarkable freedom from 
faults were due in no small measure to the organisation of inspect- 
ing officers, on which Harrison laid great stress. Harrison was 
held in high esteem by the officers of the Gas Services of our 
French, Italian, and American Allies. He was received with great 
cordiality at their councils, and his opinion was eagerly sought. 
It may be remarked, as affording a tribute to the excellence of the 
British respirator, that the Italians were supplied with several 
millions, and that the Americans, besides taking large numbers, 
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paid us the compliment of copying it as soon as the home manu- 
facture could be arranged. The French considered that the pro- 
tection it gave was even unnecessarily high. 

In the last year of his life Harrison was called on to participate 
in the offensive side of gas warfare, and to exercise his great 
organising talent in what had become a very imposing and difficult 
undertaking. He had now reached the position to which his 
talents and labours so justly entitled him, but before he could 
actually officiate as Director of Chemical Warfare, the haunting 
fear of his friends was realised, and he was prostrated by influenza. 
His bodily strength, sapped by unceasing labour, was unequal to 
the strain, pneumonia supervened, and he passed away, as certainly 
as anyone on the battlefield, a sacrifice of the war. His elder son 
had fallen in France in 1916. 

It is not easy to do justice to Harrison’s personal quabties. He 
was a man of the strongest character. The love of his country, 
its ideals of freedom, its democratic institutions, and his belief in 
the destiny of the British as leader’s among free peoples were the 
inspiration of his life and work. He had no thought for himself 
when the lives of others were at stake. The inflexible sense of 
duty which animated him communicated itself to those who worked 
with him, and he gained in a remarkable degree their respect and 
affection. He faced all emergencies with imperturbability, was 
aever daunted or discouraged, and preserved a clear head and a 
power of decision even when worn out with incessant labour. He 
was neither dogmatic nor impatient, but always ready to improve 
ou himself, listening with patience and courtesy to all honest 
criticism or advice. He was a master organiser, and the War 
brought him his opportunity. He died acknowledged and revered 
as a leader of men, his great task accomplished. He was buried 
with full military honours, mourned by a multitude of fellow- 
labourers who had learned something of his worth. 

Harrison died before he had received the public honours that 
lOuld undoubtedly have been conferred on him. He had been 
(tade C.M.G. in 1917, and the French had shown their apprecia- 
iou of his services by making him Officer of the Legion of Honour. 
1 is gratifying to know that a memorial to perpetuate his name 
5 to be associated with the Chemical Society. What the nation 
Wes him for the saving of life and the mitigation of suffering can 
fcarrely be overestimated. 

A. S. 

H. S. R. 
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Grapiiic System of Representing Hydrocarbons, Wa. 

OsTWALD {Cheni. Zek., 1319, 43, 121 — 122). — If tbe percentage 
and relative proportional composition of hydrocarbons be graphic- 
ally represented in a system in which the ratios of the percentages 
of hydrogen and carbon form the ordinates and the ratios of the 
imiiiber of atoms of hydrogen to carbon form the abscissse, the 
connected points of intersection form a straight Hue terminated 
at one end by methane and at the other by pure carbon. On this 
line there are two well-marked points, that occupied by the olefines 
with the ratio of H : C = 2 : 1 and the ratio of the percentages of 
H:C=0‘167, and that occupied by benzene and acetylene with 
H:C=1-1 and %H:%C- 0*083. The first point is approached 
by the paraffins, starting from methane, whilst the second point 
forms the starting place for the series of aromatic and acetylene 
hj^drocarbons with increasing molecular weight (in the upward 
direction towards the olefine point), and also for the hydrocarbons 
rich in carbon and with many rings in their structure (in the down- 
ward direction leading towards pure carbon). By dropping as 
perpendiculars on to the line the molecular weights, a co-ordinated 
system is obtained in which, in the case of homologous series, the 
atoms of carbon as lines cut the atoms of hydrogen as curves. 
.Analogous representations are obtained when the percentage of 
hydrogen and atoms of hydrogen, the percentage of carbon and 
atoms of carbon, the percentage of hydrogen and atoms of carbon, 
and the percentage of carbon and atoms of hydrogen are chosen 
co-ordinates. For example, in a graphic representation on the 
last-named system, benzene, naphthalene, and anthracene lie on 
one curve, the continuation of which leads to chrysene, picene, and 
other hydrocarbons of multi-ringed structure. In the whole field, 
homologous series fall together in lines which show recognised 
chemical relationships. C. A. M. 

Production of Ethyl Alcohol from Alg®. Ed. Kayser ( A ^ in , 
I'hifti. anal., 1919, [ii], 1 , 79 — 80), — The marine algse Laminaria 
kxkaitlis and L. xaccliarina, when heated with water under 
pressure, yield a liquid which ferments readily; about 3‘7 litres of 
alcohol are obtained per 100 kilos, of dry algae. If the digestion 
if made with 1% sulphuric acid and the liquid obtained nearly 
neutralised before fermentation, the yield of alcohol may be 
increased to about 12 litres. [See, further. J, Soc. Chem. Ind., 
1919. 266a.] W. P. S. 

Synthesis of Linalool. L. Huzicka and V, Fornasir {Eelv. 
[/'o/i. AeM, 1919, 2 , 182 — 188), — Tiemann and Semmler’g formula 
nr liualool has now been confirmed by synthesis. Methylhepteu- 
VOU CXVl. i, k 
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one (from citral; Verley, A., 1898, i, 557) is dissolved in ether, 
mixed with finely powdered sodamide, and then submitted to a 
slow current of acetylene at a low temperature, when a good yield 
of dthydrolinahol, CMe^:CH*CH 2 -CH 3 'CMe(OH)'C:CH, is 
obtained. This is a colourless, mobile oil, b. p. 91— 9 3°/ 12 mm., 
0^8855, with an odour like citral, and it forms a 'phtv/yU 
carbamate, m. p. 88°. Keduction to linalool, 

CMGi:CH’CH,*CHyCMe(OH)‘CH:CH2, 
is effected by shaking an ethereal solution of the oil with thin 
shavings of sodium (8 atoiuic proportions) applied in four separate 
portions, a few drops of water being added from time to time. 

J. C. W. 

Spontaneous Inflammation of Mixtures of Air and Ethyl 
Ether Vapour. E. ALifiAiRE (Compi. rend., 1919, 168, 729 — 730). 
— Under the experimental conditions, it was found that spon- 
taneous inflammation of a mixture of air and ethyl ether vapour 
occurred at about 190°, when the amount of ether in the gaseous 
mixture w^as 1 gram per litre. No reaction took -place at the 
ordinary temperature. W. G. 

Ethyl Fluorobromopropyl Ether and Ethyl Fluoroallyl 
Ether. FfiEO. Swakts {Bull. Soc. ckivi,, 1919, [iv], 25, 103 — 107). 
—Ethyl allyl ether when brominated yields ethyl dihromo'proyyl 
ether, CH 2 BrCHBr'CH 2 *OEt, b. p. 103‘5°/35 mm., which when 
heated with mercurous fluoride or silver fluoride gives ethyl 
bromide and a certain amount of ethyl ^-fluaro-y-bromopropyl 
ether, CH^BrCHF'CH.yOEt, b. p. 156-4—157*3°, 1-484, 

together with a little ethyl By-difluoro propyl ether 

CHoF'CHF-CH2-OEt, 

b. p. 114 - 5 °. When heated with sodium methoxide in methyl- 
alcoholic solution, ethyl fluorobromopropyl ether yields ethyl 
^-fimraallyl ether, CHglCF’CHyOEt, b. p. 77-5°, 0*91659, 

1*37665, Up 1’3790, 1-38874, which readily combines with 

bromine, giving ethyl ^-fhioro-^y-dihromonropyl ether, 
CH,Br*CBrF‘CH.*OEt, ‘ 

b. p. 188°. “ ^ W. G. 

Action of Alhyl Iodides on Normal Sodium Phosphate in 
Aqueous Solution. Octavk Bailly {Cornpi. rend., 1919, 168, 
560 — 563). — The lower members of the series of alkyl iodides react 
with normal sodium phosphate in aqueous solution when heated in 
sealed tubes at 60° or 100°, giving the disod ium alkyl phosphates 
and a small amount of the monosodium dialkyl phosphates. The 
yield diminishes rapidly from 73' 5% in the case of methyl iodide 
to 10' 6% in the case of <Jobutyl iodide as the molecular weight 
increases. The following normal alkali and alkali-earth salts of 
the alkyl phosphates have been prepared ; strontium, potaesiuftn 
ammonium, sodium methyl plur^yhatcs) ^trorvtwm, sodiwn 
cfdiyl phosphates', exile, iniu and stroniiiim> propyl phos'j^aits] 
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cali^iuta, stmniium, and sodium iBop'op^l phospfiutes; calcium and 
strontium isohntyl phosphutes; strontium alli/l phosphate. The 
solubility of the alkali-earth alkyl phosphates diminish^ from the 
barium salts through the strontium salts to the calcium salts, which 
are almost insoluble. W. G. 

Formic Acid is as much an Aldehyde. Maurice Frud homme 
(,/. Chim. Vhys.^ 1918, 16, 438 — 441). — From a study of the heats 
of formation and combustion of formic acid, the author concludes 
that, under the conditions of temperature and pressure prevailing 
when combustion occurs, formic acid behaves as a mixture of equal 
parts of the tautomeric acid and hydroxy-aldehyde forms. 

W. G. 

Nature of the Patty Acids produced by the Oxidation 
of Brown Coal Tar Oil. C. Harries {Ber., 1919, 52, [B], 
65 — 72 ). — The fatty acids produced by treating brown coal-tar 
oil (freed from solid paraffins and phenols, and then having b. p. 
125 — 220°/ 10 mni.) with ozone and decomposing the resulting 
ozoiiides (Harries, Koetschau, and Fonrobert, Chem. Zeit., 1917, 
16, 117) have been esterified by Fischer’s method, and the esters 
separated by fractional distillation. Formic, acetic, propionic, 
oxalic, palmitic, stearic, and myristic acids have been identified, 
aud two other acids, probably heptoic and octoic acids, isolated. 
The complete absence of the fatty acids C4H8O2 — is 
remarkable. C. S. 

Preparation of certain Organic Salts of Tellurium. 

Aaron M. Hageman {J. Amer. Chem. Boc., 1919, 41, 342 — 346). — 
Tell iiri uni hy dr open tartrate is formed by heating at 70 ° tellurium 
, dioxide with a solution of tartaric acid for several months. The 
solution may not be boiled, for a quantity of tellurium is thereby 
separated. Since the tartrate cannot be separated from tartaric 
acid by crystallisation, it is necessary to use the exact quantities 
required in the preparation. The pure salt has the formula 
76(110411405)4. TeUiirium hydrogen citrate y Te(nC5H-Oj).2, is 
lormed as a white, opaque, crystalline compound which separates 
h radiating clusters. It is produced by boiling tellurium dioxide 
|witb an aqueous solution of citric acid for a month. This com- 
pound does not deposit tellurium on boiling, and may he separated 
from citric acid by crystallisation. Succinic acid does not attack 
tellurium dioxide. Solutions of oxalic, lactic, malic, and gallic 
^cids hold appreciable quantities of tellurium dioxide in solution. 

it was found impossible to separate a crystalline compound of 
felliniiim with any of these acids from tJolution. It is possible 
an oleate and stearate of tellurium exist, but a pure, crystal- 
compound could not be obtained by the action of tellurium 
drachloride in benzene on a benzene solution of copper oleate 
stearate. J. F. S. 

k 2 
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Polymerisation of Formaldehyde by Alkalis* C, MANiricn 
{Bcr., 1919, 52, [^j, 160—162) —By keeping 30% formaldehyde 
solution, (ahnost free from methyl alcohol) containing 1 — 4% of 
anhydrous sodium carbonate, 0*3% of sodium hydroxide or 0’3% 
of calcium oxide for four months, crystals, the separation of which 
begins within one day, are obtained, which prove to be a-poly- 
oxymethylene (Auerbach and Barschall, A., 1908, i, 131). The 
yield, which is 43% of the theoretical in the best case (with 4% 
of sodium carbonate), is diminished if methyl or ethyl alcohol is 
present. C. S. 

Improvements in the Manufacture of Diethyl and 
Dimethyl Ketones, Kevil Vincent Hidgwick and Bertram 
Lambert (Brit. Pat., 14085 of 1915).— A practically quantitative 
yield of acetone or of diethyl ketone may be obtaincd*by passing 
the vapour of acetic or propionic acid over manganous oxide at 
350°. The process may be carried out either with or without the 
dilution of the acid with water, and an acid diluted to 20% 
may be used. The catalyst is prepared by boiling pumice stone 
in a strong aqueous solution or suspension of manganous acetate 
or carbonate, and continuing the boiling until all the water is 
evaporated, the tem})erature not being allowed to rise above 200° 
uniess air is excluded. W. G. 

Action of Neutral Salts on the Inversion of Sucrose by 
Acids. H. CofJN and M. Leuert [Bull. A^isoc, CImii. Suer. Dist,., 
1918, 35, 14 — 17). — A study of the inhibitive influence of sodium 
acetate, sodium citrate, and potassium oxalate on the hydrolytic 
action of the respective acids and on that of hydrochloric acid. 
The results are in accord with the known retrogression of the 
degree of electrolytic dissociation of weak acids in presence of their 
salts. [See J. Soc. Chem. 2nd., 1919, May.] J. H. L. 

Transformations of Nitrocellulose. A. Angeli {Atii B. 
Accad. Lmcei, 1919, [vj, 28, i, 20 — 24). — Nitrocellulose in the 
form of collodion cotton or guncotton is readily gelatinised by 
pyridine (compare Walter, A., 1911, i, 124), a large proportion 
of the latter yielding dense liquids which have the appearance of 
collodion, and gradually dimmish in viscosity until, after a few 
days at the ordinary temperature, they resemble in this xespeol 
the pure pyridine; this phenomenon serves to detect unaltered 
cellulose in nitrocellulose. Treatment of the collodion cotton with 
just sufficient pyridine to moisten it yields a semi-solid, transparent 
mass with the appearance of caoutchouc, this also becoming con- 
tinually more fluid until it is able to pass through filter paper. 
The yellow liquid thus formed smells strongly of pyridine, and with 
water gives an almost white mass, which has a resinous appearance 
and tenaciously retains pyridine. When freed from the latter by 
means of alcohol and dilute sulphuric acid, reprecipitated, washed, 
and dried over sulphuric acid, the product forms a white, 
amorphous powder, soluble readily in acetone and to a less extent 
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iLursiw' yield i. 

ateut 80/„ of the collodion cotton used. The con, pound contain. 

\i • 'Ll ' ™t[«gen, and somewhat resembles the substance 
obtained in small proportion by Berl and Fodor (A., 1911 i 2641 
by treatment of very dilute alcoholic or ethereal solution df ’nitre 
cellulose with alkali hydroxide or sodium carbonate. It begins 

When'll T“b"r becomes almost black at 250° 

When its alcoholic solution is poured into water, it forms a very 
stable opalescent, colloidal solution, which is coagulated immedf 
ately by sodium chloride ammonium sul])hate, or gelatin solution 
mt is not prMipitated by aqueous tannin solution. With 
benzene and sulphuric acid, it gives nitrobenzene, and with 
sulphiiric acid iii presence of mercury, nitric e.xide. On a wet 
dunethy aijiinoazobenzene paper, it forms slowly an intensely red 
ammoniacal silver nitrate and reacts readily" with 
pheny hydrazine, but has no action on Fehling’s sohitioii 
Qmnol.ne and nicotine also act, but more slowly, on nitrocelluloTl' 

T. H. P. 

Origin of Creatine. III. Kari. Thomas and hi. G. H. Gof.rxf 
‘ ■' Compare A., 1914' 

I'ltw A ""“"y <^^^^‘iiie was observed to 

lollow the oral or subcutaneous administration of e-methvl- 
;uanidiuohexoic acid or y-iiiethylguanidiiiobutyric acid to rabbits 
The preparation ot these acids and certain doselv related eo,,; 

l,;H,Me.SO„lhH-[CH.J,'CO„^ crystallises from water in slender 
ueed es, ni. p, 104 -106°. n 

.c,wcucirfCH,Me-Sa.NMeaXII,l,y^ 

or ethyl acetate in white, slender needles, in. i). 5d — r)9° e 1/^7 /? 7/ 

.«ao-n-he,rmc oc/d, NHM6-[CII,],-C0.,n, crystallises with ] 
molecules of water. The hydrated form melts iudefiiiitelv at GT'O' 
e anhydrous form, crystallised from alcohol, melts at 130° 

f-aethylf/namdrnohejmc acid, NH.,-C(NH)-NMe-rCH,l.^CO H 
prepared from e methylamino-sr-hexoic "acid (e-methvl-leuclnel and 
,™amide, crystallises with difficulty from water 'in microscopic 
t«ts of needles It decomposes without melting about 285°. 

(hidrochhiah of this acid crystallises from alcohol in slender 
■wiles, m. ]). 105°, and the vUmte melts indefinitely at 80—85°, 
or purposes of identification, the acid orcalafe serves best. This 
r®* A™"’ “• P 167—168° (iincorr.'). 

i lij/lcarbamida-n-herou: add. XH..-CO-MIe-rCH„l.-CO,H 
talises from water in stout needles, ra, p. 163° (decomp. v’ 

'"e^ulvliond-y-aminolntyric add ' 

C„H^Me' SO.y NH- [CH,J,,' CO,,H , 

?f , ' from water. Totiieiicsidphonid-y-mefln/I- 

>^ yr,c C,,H,Me-SOpNMe-rCH,l,,-CO„H; m. p. 96-98°, 
es from dilute alcohol. y-Methylaminobntvric acid is 
hygroscopic, y -McthyJrfvanidiT} oh n lyric acid 

NH,,»C(NH)-NMe-rCHoVCOnH 
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was not obtained in the pure condition. ‘y-Garbamidohutyric 
NH2*C0*NH‘[CH2]3*C02H, m. p, 175 — 176° (decomp.), crystallises 
from water or alcohol. J. C. D. 

Bromiaation of Unsaturated Compounds with 27-Bromo^ 
acetamide. The Law o! the Course of Chemical Heactions, 

A. WoHL 1919, 52, [5], 51—63), — In the presence of oold 
acetone or ethyl ether as solvent, acetobroraoamide reacts with 
certain substances as a brominating agent, acetamide being pro- 
duced, but not hydrogen bromide. Thus ^crt. -butyl bromide is 
converted into isobutylene dibromide, phenol into p-bromophenol, 
anisole into ;ebromoanisole, ethyl acetoacetate into ethyl a*bromo- 
acetoacetate, and Hhe half-amide of malonic ester into the half- 
amide of bromomalonic ester. jSy-Dim ethyl -A^-bu^jpe yields 
o-broino-iS-y-dimethyl-A/^-butene amongst other products. j3-Methyl- 
A^-butene in ethereal solution yields dibrominated and more highly 
brominated products, but in acetone solution with 2 mols. of aceto- 
broTuoamide it yields an unsaturated dibromo' derivative. In 
acetone solution, y-bromo-j3-metbyl-A/*-tutene can be further 
brominated by acetobromo amide, and yields an imsatu rated 
dibrominated product. 

Jn the reactions between acetobromoamide and the preceding 
unsaturated compoiuids, there is no addition of fragments of the 
acetobromoamide molecule at the double linking, but the whole 
molecule must become attached to one of the carbon atoms by 
residual affinity; an interchange of hydrogen and bromine occurs 
between the two molecules^ and acetamide and a bromine-substi- 
tuted derivative of the \jn saturated coin])o\nid are produced, 

C. S. 

Mercury Fulminate and some of its Impurities. Pa in 

Nicolaedot and Jean Boudet (Bidl. Sor. chim., 1919, [iv], 25. 
119 — 122). — Sodium and ammonium thiosulphates hi 5% aqueou'j 
solutions are much more satisfactory solvents than potassium 
cyanide at the same concentration for analytical purposes, since 
they do not dissolve the impurities likely to be present in the 
fulminate, whilst these are soluble in the potassium cyanide solu- 
tion, Heaven's method (A., 1918, ii, 233) for the estimation of 
mercury fulminate, may he applied to the extract made with either 
of the thiosulphates. For the method of recovery of mercury from 
the residues in the manufacture of mercury fulminate, see J. Snc. 
Chem. Iwl, 1919, May. ‘ W. G. 

Organic Fluorine Compounds. III. I. J, Pinkes iChm. 
Wcekbkid, 1919, 16, 206 — 213), -The assertion of Meyer and Huh 
(A., 1910, i, 735) that by means of the Hoffmann reaction no 
fluoroaniline is obtained from o-fluorobenzamide is disproved, the 
reaction being, on the contrary, an excellent preparative method 
giving good yields of fluoroaniline. o-Fluorobenzamide was pre- 
pared from o-toluidiue by*diazotising in presence of hydrofluoric 



O&GAI^IC 


i. 199 


iioicl. The oxidation of the o-fluorotoluene is effected by the 
chlorination of the methyl group and subsequent hydrolysis, which 
permite of the preparation of the aldehyde. This method is pre- 
ferable to the direct oxidation by means of permanganate. 
P-1'1 uorobenzaldehyde was prepared in a similar way, and with 
hydroxylamine hydrochloride and sodium carbonate gives directly 
p-fluoroo«^faldoxime (m, p. 81-2°). Regeneration of the oxime 
from the hydrochloride by means of sodium carbonate gives 
y/-fluorosy?taldoxime (m. p, 11 6 — 1 1 7^^). o-Fluorobenzaldoxime 
hydrochloride on treatment with sodium carbonate yields the 
original anrialdoxime. This behaviour is analogous to that of 
o~ and p-chlorobenzald oximes. 

o-Pluoroiodobeiizene, b. p. 188‘6'^/759 rnm., was prepared from 
o-fluoroaniline by diazotisiiig and adding potassium iodide. 

p-Fluoroiodobenzene, b. p. 183'2°/760 mm., was prepared in a 
similar way. This was obtained in two crystalline forms, m. p. 
-27-2° and -18*^ respectively. 

An attempt to prepare fluorine derivatives of iodobenzene with 
fluorine in the nucleus was unsuccessful. Phenyl iododifluoride was 
first prepared from iodosobenzene and fuming hydrofluoric acid. 
This was kept for three months in a copper tube. No formation of 
fliioroiodobenzene was ob.served, the principal product being appar- 
Hdly diphenyl, 

;>i-Pluoronitrosobenzene was prepared from p-fluoroaniline by 
oxidation by jneaiis of ammonium pei'sulphate, and its behaviour 
studied with respect to condensation in concentrated sulphuric acid, 
'’’lie chief condensation product was found to be 2:7-difiv^rophn)- 
:)«c-5 : 10-o.r?V/c, brownish-yellow needles, in, p. 150°, analogous to 
le corresponding chlorine derivative obtained by Ramberger and 
fani (A., 1911, i, 684). ^ W. S, M, 


Catalytic Dehydrogenation by Nickel in the Presence 
f Hydrogen. PAun Sabatier and Geor«k,s Gaudiox {Compt. 
w7,, 1919, 168, 670 — 672). — Hydrocarbons of the benzene series 
rlien passed with hydrogen over nickel at 180° undergo hydro- 
genation, but if the temperature is raised to 350 — 360°, dehydro- 
jenation occurs. Thus at this higher temperature piuene yields 
j mixture of cyraene and cumene ; limonene and camphene yield 
ilie same mixture; menthene gives cymene; (‘ycfohexeiie gives 
seiizeue; cyc/ohexanol gives phenol; piilegone gives a mixture of 
cresol and thymol; eucalyptol, terpene. and terpiiieol undergo 
dehydration as well as dehydrogenation. The presence of hydrogen 
inessential for this dehydrogenation. W. G, 


Tormation and Stability of ^piro-Compounds . II. 
Iridged'Spiro compounds Derived from cyck>-Hexane, Chbis- 
wher Kelk Tngold and Jocelyn Field Thorpe (T.. 1919, 115, 
!30-383), 
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Solubilities, Separation, and Purification of Anthracene, 
Carhazole, and Phenanthrene. John Marshali. Clark {J. hid. 
Eng. Ghem., 1919, 11, 204—209), — Various solvents have been 
proposed for separatirir,^ anthracene, carbazoie, and phenanthrene 
from the “ anthracene oil " of coal tar, but none effects complete 
separation, and chemical methods are required to complete the 
purification. At 15-5°, benzene dissolves r04% of anthracene. 
0’72% of carhazole, and 16'72% of phenanthrene; acetone dissolves 
O' 55% of anthracene, 6*12% of carhazole, and 15’ 08% of phen- 
anthrene; and light pyridine, O’ 85%, 12’ 45%, and 25 ’54% of the 
respective substances. In the method described, crude coal-tar 
solvent naphtha is used to remove the phenanthrene, and pyridine 
to separate carhazole from anthracene. The anthracene is then 
purified by fusion with alkali, to retain the carbazole and sub- 
limation, whilst carbazole is purified by treatment with 98% 
sulphuric acid, which combines with anthracene to form a 
sulphonated compound soluble in a large volume of water, whilst 
the carbazole is scarcely affected. Tn the fusion with alkali, the 
best results are obtained by the use of a mixture of potassium and 
sodium hydroxides. [See, further, .7, Soc, Chem, Ind.^ 1919, 
247a.] ^ C. A. 

^-Quinodimethanes . W. Schlenk and Kgon Mkyrr {Bfj., 
1919, 52, [fl], 8 — 21). — a ,<;> Diary l-/)-quinodime thanes, 
CArglCgH^:™., 

have now been prepared, essentially by Tschitschibabin’s method 
(A., 1908, i, 872), but in some cases the product is difficult (or 
impossible) to isolate on account of its tendency to polymerise, 
Thus, a.<: -diphenyl-, a^-phenyl-/>tolyl-, and fl^s-phenyldiphenylyl 
quinodimethanes could not be isolated, and u-<-di-o-naphthylquino- 
dimethane could only be obtained in solution. 

By keeping at the ordinary temperature, or more rapidly Iiy 
warming, a solution of phenyl-p-tolyl-cc-naphthylchloromethane in 
pyridine with the complete exclusion of air and in the absence of 
light, as-p/t ev/f/l-a-napkthyUYi'gui'n odimefhane , 

C^'H-'CPhtCeH/.CHo, 

is obtained. Its isolation is difficult, but the substance is ultini-' 
ately obtained as a dark blue powder. Its solutions are intensely 
bluish-violet, and in the dilute state exhibit a green fluorescence. 
Its ethereal solution is instantly decolorised' by oxygen, chlorine, 
bromine, or ferric chloride. The tendency to polymerise is rela- 
tively small, but it does polymerise, frequently without obvious 
cause. 

In a similar manner, phenyI-o-tolyl-;>-tolylchlorom ethane yields 
as-p^ e -quin odiw ethane. CyH-’CPh violet 

powder, which is somewhat more stable than the preceding com- 
pound towards oxygen. 

The intense colour of these two diarylqu in odim ethanes in com- 
parison with that of tetra-arylquinodimethanes is very remarkable; 
filso in solution they exhibit selective absorption in the visible 
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P^nyl-^tolyUa-naphthyUarhind, Ci(|H7-CPh(C-H,)-OH nrp- 

t-: 

142-144 . prepared n a 

similar . manner, has m n pt, i VT/^- . 

.■epeated o^seam.lion il . cha“ d“ 

^«ora«o^, ^>»y«>C(OH).C,H,, needles, m, p. 162-5-163=. 

c. s. 

o-An^ophenylcarbamide. Gn,no Pellizzae. (Gazzetta, 1919, 

L«T5rrrr&.'^?5;,3rr‘u7i; 

arl, amide. A(^ 150°, it loses quantitetively 1 mol. of Sonia 
giving o-phenylenecarbaniide, which is prepared inn.f ' 

rromid""^- 10 ’’'’“*'^®“*, «-P>'«'iylenediaLne with “anogen 
bromide yields o-pheuyleneguanidine, but in the case of Tamino 
phenylcarbamide, this reagent gives first o-cyanoaminopheuylcarb- 
amide which js an acid compound stable in dry air, b^^t iSu 
ally changed by moist air or by water into the rnetameric^ basic 


C.H,< 


— 


•N(C 0 'NH,)- 


!'NH2 + H,0 = 


NH3 + CO, + C3H,<^,^>C-NH, 


n ^ 

This decomposition, which cxxmrs slowly in the cold and morp 
J.d ly in the hot, IS peatly accelerated^y the pres uee rf eZ 
Aal. or mineral acid. Thus the salts of o-phenylene-a-guanvT 
aibamide could not, in genera], be prepared, Although the^ctiln 

’be'” nicrar'^ °”b“b' "-cyanoaminophenylcarbamide yields 

be piCTate, which is decomposed similarly by hot water 
pbenyleneguanidiiie picrate crystallising out from the solution 
The existence of this highly unstable o-phenyleue-a-guauylcarb- 
mide coufinns tbe constitutional formute attributerl to thrt™ 
.vat^derivatives described previously (this vol i mi 
O'-imnophenylcurbamide, NHj-CeH^-NH'CO-NH., urenared hv 
action of potassium cyanate (I'.i^ol:) on o-phiny'len'Sfaiiu; 

h* 
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monohydrochloride (1 raol), forma shining needles, and shows 
signs of melting at 175*^, then becomes opaque, and m^ at 307°; 
in a moist atmosphere, it has m. p, 175° (decomp.), a solid residue, 
m. p. 307°, which is that of o-phenylenecarb amide, remaining. Its 
picrate, C7H90Ng,CgH307N‘g, forma an almost gelatinous, felt^ mass 
of long, very slender needles, decomposing at 200 — 235°. The 
ndtrate, CyHgONgjHNOgiJHsO, long, white needles, reddens at 
170 — 175°, and then contracts and undergoes gradual alteration. 
The hydrochloride and pi atinichlor ide crystallise well ^and are 
moderately soluble. 

<>€ymoammophenylcarhamidc, CN*NH'CqH 4’NH*CO*NH2, forms 
small, white, shining crystals, and decomposes at 110°. 

o-’Pkenyleiie-a.-gua7iyIcarham‘ide picrate, C8H80N4,CgH307Ng, 
forms a yellow powder and decomposes at 250 — 260°. T. H. P. 

Compounds of Phenols, Phenolic Ethers, and Salicyl- 
aldehyde with Normal Salts. R. F. Weinland and Gubtav 
Bablochek {Ber., 1919, 52, [B], 147 — 159). — An extension of the 
work of Weinland and Denzel (A., 1914, i, 953; 1915, i, 526). 
CamjKfunds of the type CaX2,4CeH4(OH)2,2R*OH have »been 
obtained, where X is Cl, Br or I, and R is Me, Et, Pr“, or CsHjj, 
from solutions of catechol and the calcium haloid (anhydrous) in 
the respective alcohols; they all form colourless crystal^ which are 
stable over sulphuric acid. Quinol forms similar compounds, but 
less readily, whilst resorcinol does not. 

Quinol forms compounds, colourless crystals, with potassium 
formate, acetate, and propionate, H’CO.>K,2CeH4(OH)2, 
2CH3*C02K,3C^H4(bH)o, 

and C.2H^'COgK,2CgH4(OH).2. Pyrogallol forms compoiuids, 
KA,C(,Hg(OH)g, with the same three salts, whilst phloroglucinol 
forms the compound CH3*C02K,Cf,H3(0H)g. All these compounds 
crystallise from alcoholic solutions of the components, 

Compounds, colourless, stable crystals, have been obtained from 
guaiacol (2 mols.) and potassium formate, acetate, propionate or 
butyrate (1 mol), guaiacol (2 mols.) and sodium acetate (1 mol.), 
eugenol (2 mols.) and potassium propionate (1 mol.), vanillin 
(1 mol.) and potassium propionate (1 mol), vanillin (3 mols.) and 
potassium acetate, propionate or butyrate (2 mols.), and vanillin 
(2 mols.) and potassium formate or sodium acetate (1 mol). 

Compounds, pale yellow, stable needles, have been obtained from 
alcoholic solutions of salicylaldehyde (2 mols.) and. potassium 
acetate, propionate or butyrate (1 mol). C. S. 

Derivatives of ^so-a-Naphthyl-l : 4-dihydroxy-j9-iiaphthyl- 
s^phone. 0. Hinsberg (Ber, 1919.‘52, [B], 28-35) -An instance 
of stereoisomerism analogous to that of the jSmaphthol sulphides 
is described. a-Naphthyl-1 ;4-dihydroxy-^-naphthyl5ulphone (A.. 
1917, i, 575) undoubtedly belongs to the normal series of sulphones. 
By heating at 170°, it loses 1 mol of water, and is converted into 
a substance, brownish-red, crystalline powder, sintering at 85° and 
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completely molteu at 106^, which undoubtedly has the formula 
CjqH 7 *SO!CioH 502 , and, on account of its ready solubility, low 
and indefinite m, p., and intense colour, belongs to the fso-series, 
and is therefore ho-a-na])hthyl-2-a'7iaphthaquinonylsLdpkoxide 
(two by-products are formed in this reaction, the one a grey, very 
sparingly soluble substance, the other, yellow crystals, m. p. 225° 
[decomp.]). The ?J 0 -sulphqxide is reduced and acetylated by zinc 
dust and acetic anhydride on the water-bath, yielding iso-a- 
naphthylA : i-diacetoxy'^-imphthyhulphoxide, 
CioH,*SO*C,,H,(OAc)2, 

pale yellow, crystalline powder containing ICHClg (from chloro- 
form), decomp. 73° and completely molten at 105°. Tl^ iso- 
sulphoxide combines with /j-nitrophenylhydrazine in warm glacial 
acetic acid to form an azo-compound, doubtless 

N02'C6H4*N2*CiuH^(OH)-SO'ChjH7, 

]' 6 d powder, and is oxidised in warm glacial acetic acid solution by 
30% hydrogen peroxide, yielding iso-a-naphthyJ^2-a-naphtha- 
quinonplsulphone, CjoHr'SOg* CJQH5O2, yellowish -brown needles or 
crusts containing JH 2 O, m. p. 110 — 115° (decomp.), which is quite 
different from the isomeric a-naphthyl- 2 -a-naphthaquinonylsul ph- 
one (loc. cit.)y exhibits its quinone nature by reacting witb aniline 
and with ^-nitrophenylhydrazine, and is reduced and acetylated 
by zinc dust and acetic anhydride, yielding a colourless substance, 
probably iBO-a-7iaphthyl-l : A-diacetoxy-^-naphthyhul phone. 


problon as follows. 

y(Cj2Hg,,)\ 


CHo. 


/ I 


\ 


Cholesterol. XXVI. Ring Systems in Cholesterol. A. 

WiNDAUS and 0. Dalmeb {Ber.y 1919, 52, [5], 162 — 169). — > 
Investigations demonstrative of the number of atoms in the two 
ring systems of the cholesterol molecule (Windaus, A., 1917, i, 265) 
Kave not hitherto been undertaken. The authors attack the 
By hydrogenation at the double linking 
(annexed formula), ring 2 is rendered 
proof against oxidation, and ring 1 is then 
ruptured ; if, on the other hand, the hydr- 
oxyl group in ring 1 is replaced by 
hydrogen, ring 2 is then ruptured on 
oxidation. In both cases, dicarboxylic 
acids are obtained, in which the positions 
of the carboxyl groups are determined with great probability by 
Blanc’s method with acetic anhydride (A., 1907, i, 710). 

Dihydrocholesterol (j 8 -cholestanol), obtained by reducing chole- 
sterol in acetic acid solution at 100 ° with hydrogen and palladium. 




CH CH 

\/\^' 

CH«OH CH 


is oxidised to the dicarboxylic acid, 


(Windaus and 


fiibrig, A., 1914, i, 1066). By heating with acetic anhydride until 
Ae reagent has distilled completely, and then at 250°/15 — 20 mm., 
this acid is converted into a ketone ^ C 2 gH 440 , leaflets, m. p. 
100— 100 ’5° (oxime y needles, m. p. 203°), which is oxidised by 
glacial acetic and nitric (I) T48) acids at 75 — 80° to a dibasic 
C 2 QH 44 O 4 , needles, m. p. 234 — 235°. This acid, by treatment 

h* 2 
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with acetic anhydride and subsequent heating in a vacuum, yields 
its anhydride^ 02 ^ 114203 , crystals, m. p. 153®. The carboxyl groups 
ill this acid, therefore, are in the 1 : 5-positions, those in the acid 
are in the 1 : 6 -positions, and ring 1 of the cholesterol 
molecule contains six atoms of carbon. 

Cholestene did nob prove a suitable material for the rupture of 
ring 2 , since it did not yield the desired dicarboxylic acid on oxida- 
tion. Therefore a-chlorocholestanone in alcoholic solution was con- 
verted by 20% potassium hydroxide at 50® into heterochohsUnont, 

CH, CO CH, ! 

CH CH-CH, CH, C CHj 

'CH'" 


needles, m. p. 96®, which was reduced in glacial acetic add solu- 
tion by hydrogen and palladium to heterocholestanone, C 27 H 4 gO, 
leaflets, m. p. 98—99® (oxime, needles, m. p. 195®). The latter 
ketone, which can also be obtained by reducing nitrocholestene with 
xinc dust and acetic acid, and yields cholestane by reduction by 
Clemmensen's method, is converted by glacial acetic and nitric 


(D. T48) acids at 70—75® into a dibasic 
acid, C 27 Hjg 04 , needles, m. p. 273® 
y (decomp.), which yields its anhydride, 

/^\ ^ 27 ^ 44 ^ 3 ? needles, m, p. 118®, by treatment 

with acetic anhydride and subsequent dis- 
" I 1 ^ “ tillation in a vacuum. The carboxyl groups 

in the acid C 27 H.,(. 04 , therefore, are in the 
CH-OH CH 1 : 5-positions. Only the latter 

alternative is permissible, and ring 2 there- 
fore contains five atoms of carbon. On the assumption, therefore, 
that Blanc s method gives trustworthy results in the ease of com- 
plicated cyclic structures, the constitution of the cholesterol mole- 
cule has been elucidated to the extent indicated in the annexed 
formula. q g 


Cholesterol. XXVII. Isomerism of Cholestane and 
i/^ Cholestane, A. Windaus [Ber., 1919, 52, [ 5 ], 170—176. Com- 
pare preceding abstract).— Cholestane is without doubt the normal 
dihydro-derivative of cholestene. ^-Cholestene, which yields 
<^-cholestan 6 hy reduction in ethereal solution by hydrogen and 
platinum (Mauthuer, A., 1907, i, 921; 1909, i, 714), is now found 
to give cholestane almost exclusively when reduced in glacial acetic 
acid solution by hydrogen and jialladium at 75 ®. Cholestene ajid 
i^'cholesteue, therefore, differ only in the })osition of the double 
linking. ^-Cholestane can therefore very well be a diastereo* 
isoinende of cholestane, ring 2 (?oc. cit.) being affixed to ring 1 in 
the cis-positioii , Some experimental observations support the new 
formulation. Dihydrocholesterol, derived from cholestane, is cou- 
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verted through the acid into the ketone C.H«0 (toe 

:he^B<SS:tcH .^-I'oleBUne. yields o^Satn 

t which by evaporation with acetic 

“f subsequent distillation in a vacuum is convertei 

into an isomeric ketone, needles, m. p. 73—74°. The verv 

‘^mwth course of the ketone formation indicates that fhft +wrt 

Llden fA 1904 ^ T by Diels and Abder- 

^ inno n*' reduced m glacial acetic acid solution 

n palladium to a third isomeric S 

coprosterof "thTouTfh obtained from’ 

coprosterol through the second isomeric acid C,,H„0- It is 

extremely probable, therefore, that the two acids T W n i ? 
mentioned only differ from one another in that the twfearboxW 
groups in the former (which is less readily converted hi the 
ketone) are in the tron., -position, and in the latter are in the rh 
posi ion. g 

MoleciUar Transpositions of a-Glycols. II. Product of 
Dehydration of «^y-Triphenylpropaia/3-diol. A So°f 

cA*m., I 9 i 9 _ [ 25, 108-111. Compare this vol 

1 , 146). Magnesium benzyl chloride condenses with benzoin to 

fn CH,Ph-CPh(OH).CEPh(Om 

Th { i^u ’ monoacetyl derivative, m. p 176—177° 

The glycol when dehydrated with sulphuric acid, ^Ids &I,,/ 
d,phenylmethyl ketone, CHPh,-CO-CH,k, rn. p. sdsP S 

Thm“- " Vher,.ylhydraJe. m. p. gg-lol 

ketone, when heated with alcoholic potassium hydroxide is 
Composed, giving dipheiiylmethaue and potassium phmiylacetate 

Sflllcr/ "’"‘.^uesiuni benzyl chlorid^e yields 
M-dipArnyUo-AJcnsyfetAyf alcohol, CHPl,,-C(C-H-),.OH, m p 

.93 , which IS also obtained by condensing ethyl diphenvlacetatc 

with magnesium benzyl chloride. ^ pnenyiaceutc 

Molecular Transpositions of a-Glycols. Ill The De 

abstract) p?ith J pVE.]— Magnesium benzyl chloridt conTeiiTef 

Tcid.^Tew!! 

f7V™|P^CHPh.CO.CH Ph in. p. 75-7^0, 

a phenylhydrazone, m. p. 126—127° This 
a/fr"; ™bh magnesium benzyl chloride to give a/SS-tn- 

C;H.Ph-CHPh-C(CH,Ph)„-OH, m p 

mavJsiL ir '"'■j obtained by ’the action of 

™\,nesium benzyl bromide on methyl oMiphenylpropionate. 

W. 6.' 
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Molecular Trauspositions of the a-Glycols. IV. Product 
of Dehydratiou of a Methoxy-derivative of aJ8/:^-Tripheny^ 
ethanediol. Pheuylic Migration. A. Ob^khopf {BulL Soc, 
chim., 1919, [iv], 25, 115—118. Compare preceding abstract). — 
[With P. Coma-y-Roca.] — M agnesium phenyl bromide condenses 
with p-anisoin to give a-p}tenyl-a^-(H~]i‘anisylethane-(n^'d^olj 
OMe*C,H4‘CPh(OH)-CH(OH)-C6H4'OMe, 
m. p. 163—164®, which when dehydrated with sulphuric acid yields 
phenyldi-'p-amsylacetaldeh^de , CHO*CPh(C^H4*OM6)2; m. p. 

88 — 89®, giving an oxime, m. p. 132 — 133®, and a semicarhazom, 
m. p. 186 — 187®. This aldehyde is decomposed by alcoholic 
potassium hydroxide, giving phenyldi-;?-anisylmethane, m. p. 
100—101® (compare Feuerstein and Lipp, A., 1902, i, 768). 

V W. G. 

jS'Bromoethyl p-Nitrobenzoate. The Abbott Laboratories, 
(Brit. Pat., 121578). — The ^-bronioethyi ester of pmitrobenzoic 
acid is prepared by heating a salt of /^-nitrobenzoic acid 
with an excess of ethylene bromide, preferably in the presence 
of an amine or of finely divided copper as a catalyst. A 
mixture of 15 grains of the dry sodium salt, 75 grams of 
ethylene bromide, and 0-5~1'0 c.c. of diethylaraine is heated 
in a sealed tube at 140® for five hours. ' The product is 
neutralised, the excess of ethylene bromide is removed by distilla- 
tion with steam, and the residue of ^-bromoethyl p-nitrobenzoate 
is separated from a small quantity (about 4 grams) of the di-p- 
nitrobenzoic ester of ethylene glycol, which is formed as a by- 
product, by means of a suitable solvent, sucb as ether. The yield 
of crude product is about 15 grams ; the pure jS-bromoethyl ester 
has m. p. 51—52®, and may he converted into novocaine (diethyl- 
aminoethyl ]^am^nobenzoate) by combination with diethylaraine 
and reduction of the nitro -group. J. p, B, 

Application of Acetylated Phenolcarboxylic Acids to the 
Synthesis of Depsides. Emil Fischer and A. Repik KADisAmi 
(Ser., 1919, 52, [B], 72 — 77). — Acetylated phenolcarboxylic acids 
can be used instead of the methylcarbonato-derivatives for the 
synthesis of the simpler depsides, but the advantages of the new 
method over the old are not so marked as in the case of the 
synthesis of digalHc acid (A., 1918, i, 172). i^p^Acetoxyhemoyl- 
oxyhemoic acid, OAc* 0^114*00 ‘0*C(;H4'C02H, microscopic needles 
or long leaflets, m. p. 221 — 223® (corr.) with .previous sintering, 
is precipitated in the form, of its sodium salt when an ethereal solu- 
tion of ^hacetoxy benzoyl chloride and aqueous sodium hydroxide 
are added gradually, with cooling, to a solution of p-hydroxy- 
benzoic acid in aqueous sodium hydroxide (1 mol.), In a similar 
way, 4-p-hydroxybenzoyloxybenzoic acid is converted into the 
acetylated tridepside, and p-hydroxybenzoic acid and triacetyl- 
galloyl (triacetoxybenzoyl) chloride yield ip-triacetoxybemoyloxy' 
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benzoic acid, CgHg(OAo)3’CO'0*C5H|’C02H, microscopic leaflets, 
m. p. 172^173^ (oorr.). C. S. 

The Products of the Addition of Benzilic Acid to Aryl 
?hiocapbimides. H. Becker and A. Bistrzycki {Helv. Chtm. 
Icta, 1919, 2, ill — 117). — In an earlier paper (A., 1915, i, 245), 
t was shown that benzilic acid and phenylthiocarbimide react to 
orm A-phen yl-iS^-benzhy dry Ithiocarb am ate-a -carboxylic acid. The 
hree derivatives, C^H4Me*NH*C0*S*CPh2‘C02H, have now 

)een obtained from the tolylthiocarbimides in the same way, the 
i-ields being excellent; the orMo-derivative forms colourless tablets, 
lecomp. 139°, the me ^o-com pound decomposes at 141°, and the 
nror at 138-5°. 

These acids readily lose carbon dioxide when heated at 60“100° 
,vith pyridine, the products being the S-benzhydn/l l^~arylthiO' 
arbamaies, NHAr'CO'S'CHPhg. The phenyl derivative forms 
)undles of needles, m. p. 135 — 136°; the o-tolyl compound crystal- 
ises in long needles, ni. p. 123'5 — 124-5°; the m.-toJyl compound 
forms glistening leaflets, m, p. 101 — 102*5°; and the ^-tolyl deriv- 
itive forms long prisms, m. p. 149'5 — 151°. 

When the acids are boiled with methyl alcohol and concentrated 
sulphuric acid, they yield internal anhydrides, namely, the 

5 ; ^-diphenyl-Z~aryUhimolid~2 : i-dione^, ^^CPb CO ’ 

follows: the 3-phenyl derivative, long, glistening prisms, m. p. 
147-5 — '148-5°; the o-tolyl compound, large, granular masses of 
hexagonal prisms, m. p. 108 — 109°; the m-tolyl compound, rect- 
angular prisms, m. p. 96-5 — 97-5°; the p-tolyl compound, flat 
needles, m. p. 105-5—106-5°. 

Benzilic and thiobenzilic acids react with undiluted phenyl- 
carbimide at 100° to form s-diphenylcarbamide. It is reported 
that this substance suffers decomposition to a certain extent when 
melted (at about 234°) or distilled (about 260°). J, C. W. 

Transformations of some O-Esters of Arylated or 
Alkylated Thiocarbamic Acids. A. Bettschart and A. 
Bistrzycki (Helv. Ckim. Acta, 1919, 2, 118 — 132). — In their 
Srst communication on the condensation of benzilic acid with aryl- 
thiocarbiraides in the presence of pure acetic and sulphuric acids 
(A., 1915, i, 245), Becker and Bistrzycki offered an explanation of 
the mechanism of the unusual reaction, which has now been tested 
aiid found to be justified. They assumed that the first product 
was the expected 0- ester, NHAr’CS’O'CPh^’COaH. Attempts to 
isolate such esters have failed, but closely related substances, with 
which the theory can be tested, have now been obtained by the 
action of the bhiocarbimides on the sodium compound of benz- 
hydrol dissolved in xylene. These esters may be transformed 
readily into the 5-esters, NHAr'CO'S'CHPho, by boiling with 
gladal acetic acid, although in the case of the phenyl compound 
many other methods have been found, including heating at 
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130 — or treatment with cold hydrochloric acid. The trans- 
formations by means of acids are explained by assuming that a 
little benzhydrol is liberated by hydrolysis, and is then attached at 
the -CIS group in the form of its acetate or chloride, which is then 
eliminated again from the other position. Theoretically, therefore, 
a trace of such an ester should cause the transformation of an 
unlimited amount of 0 -ester into j^-ester, and the whole theory 
is neatly proved by the fact that the change can indeed be brought 
about by heating with a small quantity of henzhydryl acetate or 
bromide in toluene, thus: 

.S*CHPb., 

NHPh-CS*0-CHPh, NHPb-C^ Pr (or OAc) 

, \ii-0HP1j„ 

Y 

NHPlrCO'S*CHPb, + CHPh,'Br (or OAc) 

The following 0-he(uhi/dr^l 'N-arylthiocurbamates are described j 
their isomer ides have been made in the above manner, but are also 
mentioned in the previous abstract: The phenyl derivative, quad- 
ratic prisms, m. p, 123 — 123'5°; the o-tolyl compound, m. p. 
123‘5 — 124° (decomp.); and the p’tolyl compound, decomp. 126‘5°, 
O Benz hydryl N -cdl }flthiocarhamatey 

CHo:CH-CH2-NH-CS-0’CHPh2. 

has also been ])repared, in quadratic prisms, m. p. 59' 5 — 61-5°, and 
converted into the i^omeridle, CH. 2 lCH*CH. 2 ’NH’CO’S’CHPh.,, 
which forms very long prisms, m. p. 114 ’5 — 116'5°. 

This transformation seems to depend on the nature of the group 
which wanders, for the benzyl derivative, NHPh’CS'O'CH^Ph, is 
not so changed by acetic acid. 

Benzilic acid will not condense with alkyl thiocarbim ides under 
the conditions employed in the earlier cases, but if phosphoric 
oxide is added as well as sulphuric acid, the same kind of reaction 
takes place. Ordinary mustard oil gives '^-allyl-^hcnzhydrylthio- 
carhamate-a-carhoxylic acidy CH 2 lCH*CH,’NH*C 0 '’S*CPh 2 ’C 02 H, 
prisms, decomp, about 133°, which is quantitatively converted into 
a-thioldi phenyl acetic acid by boiling with 1% potassium hydroxide 
(a more convenient preparation than the earlier one, loc. rit.), or 
may be changed into the above iS-beuz hydryl A-allylthiocarbamate 
by heating with pyridine. ^s-isoBiifyl-S-hejnhydrylthiocarbamate- 
a-carho:cylic acid, rhombic tablets, m. p. 123 — 124° (decomp.), and 
^-henzhydryl '!^-\^ohi(tylth(oc(U'hamate, long, silky prisms, m. p. 
73‘5 — 75°, have also been obtained. » 

In the hope of getting a normal O-ester from benzilic acid and 
phcnylthiocarbimide, these substances have been heated together 
without diluents at 100°. A reaction, represented by the equation 

OH-CPbj-COjH + 2NP}i:C:S = COj + H,S + 

CO' 'Nph 

was found to take place, the product being 
friphenylthiazolid-%one, which crystallises in prisms, m. p. 
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162‘6 — 163'5^> and yields the 3;5;o>tnphenylthiazolid-2:4-dione, 
mentioned in the previous abstract, when boiled with acetic and 
sulphuric acids. J. C. W. 

Preparation oi Benzaldehyde. The Dow Chemical Company 
(U.S. Pat., 1272522). — Benzyl bromide is mixed with a solution of 
sodium nitrate or calcium nitrate, and the mixture is heated at 
about the boiling point with constant agitation ; the benzaldehyde 
produced is then separated from the aqueous solution of sodium 
luomide and nitrous acid. The reaction takes place between equi- 
molecular proportions of benzyl bromide and sodium nitrate, and 
the benzaldehyde is practically a pure product, whereas that pro- 
duced with benzyl chloride and lead nitrate is always contaminated 
with benzoic acid. J. F, B. 


Preparation of Polymethylcyc/ohexenones of the Irene 
Type. L. Ruzicka {llelv, Chim, Acta, 1919, 2, 144— 161).— For 
the synthesis of perfumes of the type of irone, the author argues 
that it is important to start from compounds in which the ethylene 
linking in the cyc/ohexeiie ring is already lixed, such methods as 
those described by Merling and Velde, for example (A., 1909, 
i, 479), being open to question on this point. The conversion of 
a cytf^ohexenone of the desired type into irone or a similar com- 
pound would be quite a simple matter; thus: 


CMp, 


CH yO 
CH CHMe 


\/ 

UH. 


CMe, 

/\ 

CH CH-CHO 
CH CHMe 

\/ 

blT.^ 


CMej 

/\ 

CH CH-CH:CH*COiMe 


1 1 I 

CH CHMe 


\/ 


The present communication describes the preparation of two such 
cyc/ohexenones, but the yields are so poor that further develop- 
luents along these lines seem to be useless. 

The desired eyeZohexenones should be most readily obtained from 
the corresponding unsaturated dicar boxylic acids, and these from 
5-ketonic esters by Reforraatzky's method. The chief obstacle ia 
the closing of the ring in the case of the dicarboxylic esters. Two 
examples are given. 

A. Prejxiration of the h-Kctonie Eate.r-^. — S-Ketohexoic acid may 
be prepared most readily by the interaction of ethyl sodioaceto- 
acetate and ethyl jS-iodopropionate. With suitable apparatus, it 
Jiiay also be obtained by heating dihydroreaorcinol with barium 
hydroxide and water at 150°. A third method, giving poor re.sults, 
is as follows : fresh ethyl methylenemalonate is treated with ethyl 
sodioacetoacetate solution at 0°, and the ethfil h-ketopentane-aay- 
trkmhoxylate so formed, b. p. 198 — 200°/ 15 mm., is boiled with 
tlihte hydrochloric acid. The 5-ketohexoic acid is readily esterified 
by boiling with alcohol containing a little hydrogen chloride. 

'Ethyl ^-keto-a-mefhylhe.roafe, b. p. 110 — 11 2°/ 13 mm., and the 
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free acid^ b. p. 167 — 159°/ 13 mm., are prepared by the iateraotion 
of a solution of ethyl sodioacetoacetate and ethyl methylacrylate, 
followed by boiling the ethyl ^-ketohexane-^h-dicarhoxylate so 
formed, b, p. 152 — i56°/12 mm., with hydrochloric acid. 

Ethyl S-keto-oa-dimethylhexoate, b. p. 110 — 116°/ 13 mm., is 
obtained from the acid, this being formed by heating methyl 
4 : 6'diketo-2 : 2-diinethyb;?/(:/ohexane'l'Carboxylate (from mesityl 
oxide and methyl sodiomalonate) with barium hydroxide and water 
at 150° (compare Bredt, A., 1898, i, 264), 

B. (j ondtnmtionB of the B-Ket07iic Esters vrith Ethyl OrBromo- 

isobutyrate . — These condensations are brought about by means of 
zinc turnings, and the lactonio esters are isolated in the usual way. 
Ethyl fi'ketohexoate gives the lactone of ^-hydroxy-^-ca/rbethoxy- 
. CO^Et'CMe^-CMe'CHs^CHg 

^^-dimethylheptoic acid, , ^ --CH*’ 

176 — 177°. Ethyl S-keto-a-methylhexoate yields the lactone of 
h-hydToxy-c-carhethoxy-nb^-tnvitihjflhepio'ic acid^ b, p. 169—171°/ 
12 mm., and the third ester produces the lactone of S-hydroxy~^- 
carhethoxy-aadedeiramethylheptoic ocidj b. p. 170 — 175°/ 12 mm. 

C. Hydrolysis of the Esters, — The first two lactones 


P- 


are readily hydrolysed to the esters of unsaturated dicarboxylic 
acids by boiling them with alcoholic hydrogen bromide, but the 
third lactone has a very stable ring. ^y-Diviethyl-Ef-hexene'^l^- 
dicarhoxylic acid., C 02 H-CMe 3 ‘CMe:CH*CII.vCH 2 -C 02 H, from the 
first lactone, forms stout needles, m. p, 108 — 109°, gives an ethyl 
ester, b. p. 153 — 157°/ 12 mm,, and yields acetic, Mobutyric, and 
succinic acids on oxidation with permanganate. ^y-BiTnethylr^- 
heptene~^\-dicarhoxyUc acid, from the second lactone, has m, p. 
84^ — 85°, and its etEyl ester has b. p. 153 — 157°/ 12 mm. 

D. Prejmaiion of the Polyme.thylcyQ\ohtxenones . — When the 
ester of the above hexenedicarboxylic acid is boiled with sodium 
powder in benzene, it yields a small quantity of ethyl ^-heto-^ :3:3- 
tnmethyl-Ey-cjc^ohexene-l-carhoxylait, most of the material suffer- 
ing complex condensation. This ester gives 2:3: ?>4rimethyl-E\- 
c>ydohexenA-one on hydrolysis, b. p. 85— 90°/ 12 mra.’; semicaxh- 
azont, m. p. 168 — 171°. When methylated and then hydrolysed, it 
also forms 2:3:3: h-tetraw.ethijl-iid-cyciohexenA'Onei b. p. 
90°/12 mm.; semicarhazone, m. p. 196 — 197° 

Displacement of the ethylene linking occurs if the unsaturated 
dicarboxylic acids are heaf^ with acetic anhydride and then dis- 
tilled . The hexenedicarboxylic acid yields 3:4: A-trimethyl-E^- 
cychhexen-b-one^ b. p. <85— 90°/ 14 mm., semicarhazone, m. p. 
185—187°, which may be reduced by sodium and alcohol to 1:2:2- 
tnmethyUydohexan-Z-ol, b. p. 85— 87°/ 15 inm. The hepeteuedi- 
carboxylic acid yields 3:4:4: ^'tetramethyl-E^-cyciohexen-^'ore, 
b. p. 80 — 85°/13 mm,; semicarhazone, m. p. 178 — 179°. 


J. C. W. 


The Reduction of Aromatic Ketones. W. D. Cohen {Bee. 
trav. Ohim., 1919, 38 , 113 — 131), — In continuation of previous 
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r j^tncsr/r/^ 

solution to"gi.ethehyd™l an/ih^^In: Th^ “thl '", 
amalgam is, at the moment of reduction a sli^htlv 
and promotes the secondary reac iorthe Snff f 

Sis'K pSJi''’ 

a-Chlorophenyl p-tolyl ketone, m. p. 99-50 ; obtained bv thA 

condensation of o chlorobenzoyl chloride w th toS in tte 

{ 7 % I’ygo 5rri,7 ’ ^ -^^thylhenzopinacone, m. p 

L ■ . V-tohjl ketone, m. p Ugo lijwt 

prepared, gives only the corresponding hydrol J I ’67-T° hv 
rjuction in neutra solution, and ih! placone, m ^p 178=’ bv 
reduction in acid solution. ’ P' ^ 

Some Ketone Condensation Reactions p 

fm ■' 1918"^’ lok If -“l^S)-The ::&s shown (! m/ 
91 i 406-’ l'917 ® Kidman’s reaction (A., 1913, mg: 

derivatives of chloroacetic add other Zn 

,.onunilide, CH-CO-NIIPh, colourless needles, m. p. 142°. 

Phenyl <^&-diMoroS-m.nitrophenylethyl ketone 

COPh-CHa-CHCl-aH,-NO, ’ 

Alonne into a solution of phenyl in-nitrostyryl keti,nrin\e st^ 
n.A^hZT't’;^'^® 0“'^ acetophenone, condensed by means of 

h 147). A claim of priority over Scholl and Zinke 
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(this vol., i, 25. Compare also Baudisch, A., 1917, i, 356, 556; 
Baudisch and Klaus, ihid^, i, 331). S. 

Opticsiliy Activ6 PiB6n6 Nitrosociilorid©, a.iid Syiitli6tic 
Active Pinene. E. V. Lynn [J. Amer. Ghem, Soc., 1919, 41, 
361—368).— In the preparation of the nitrosochloride from pinene 
by Wallach's method, it is well known that the yield of crystalline 
product varies inversely with the optical activity of the specimen, 
whilst the mother liquor remains blue for some time with the most 
active oils. An obvious suggestion, therefore, is that the active 
iiitrosoch lor ides are more soluble than the inactive one, but Tildeu 
offered another explanation of the poor yield (T., 1904, 85 , 
759 764). By varying the conditions of the experiment, some- 

what better yields may be obtained and the active nitrosochlorides 
actually isolated. 

Equal volumes of pinene, ethyl nitrite, and alcohol are mixed 
and treated at -5^ with the requisite amount of hydrogen chloride 
dissolved in alcohol. Crystals of inactive pinene nitrosochloride 
are removed after half an hour, and the mother liquor is then 
diluted with alcohol and left at - 10°, when the active modification 
gradually separates. The dextro- variety was obtained in this 
instance from American turpentine, and the laevo-inodification from 
Oregon or Canada balsams. Active pinene nitrosochloride crystal- 
lises in transparent or cotton-like needles, m. p. 81— 81 '5°, 
[a]p ±322°, and is appreciably soluble iu most organic media. It 
reacts with benzylamine to foim the coynpovnd, 
Cion,c:N-0-NH-CH,Ph, 

m. p. 144—145°. [o]jj ±92° in acetone, and with piperidine to give 
a similar compound, crystallising in rosettes, rn. p. 84°, [a]y, ±50°. 
With alcoholic alkali hydroxide, it reacts to form nitrosopineiie. and 
with aniline to give aminoazobenzene and active pinene; b. p. 
155—159°, 1-470. [a]p ±53*75° in 4% alcoholic solution. This 

^‘regenerated” ^-pinene gave an inactive hydrochloride, like the 
natural product. 

The existence of active nitrosochlorides in the mother liquors 
does not by any means fully account for the poor yields. Even 
inactive pinene only gives about 50% of the theoretical yield. As 
the blue solution deposits its colourless crystals, a gas is evolved 
which Til den suggested might be nitrous oxide. It. is now con- 
clusively proved to be nearly pure nitrogen, and its volume agrees 
closely with that of the nitrogen unaccounted for. The mother 
liquor has been briefly ‘ examined, and found to be a complex 
mixture. T. C. W. 

Keio-cineole. Cuido Cusmano (Gazzetta, 1919, 49, i, 26- — 38).— 
When heated with ethyl alcohol, a-terpineol nitrosochloride is con- 
verted in satisfactory yield into keto-cineole-oxime. and this with 
nitrous acid gives quantitatively the pernitroso-compound, from 
which the free ketone is obtained, also quantitatively, by treatment 
with concentrated aqueous ammonia (compare Cusmano and Linar), 
A., 1912, i, 272), 
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Saturated cyclic ketones containing ten carbon atoms in the 
molecule and possessing the ’CO'CH^* grouping and the general 
structure of keto-cineole may be divided into two groups; 
(1) menthone, tetrahydrocarvone, and tanacetone, and (2) camphor 
and pinocarnpbone. All show the same reactions of the carbonyl 
and of the adjacent methylene group, and opening of the funda- 
mental hexamethylene nucleus between the carbonyl and the 
neighbouring tertiary (or quaternary) carbon atom is possible in 
all cas^ ; rupture between the carbonyl and the methylene in addi- 
tion is, however, possible only with the ketones of the second group. 
With the latter, which possess a '‘bridge," keto-cineole must be 
classed. Keto-cineole exhibits marked physiological activity, which 
is to be investigated. 

Reduction of keto-cineole oxime by means of sodium and boiling 
amyl alcohol yields as one product an aminocineole, which forms a 
crystalline platimchloride, {Ci(jHi70'NH2)2,HoPtClQ,2H20, m. p. 
233® (decomp,). 

Inactive keto-cineole f onus shining, white, lamellar crystals , 
m. p. 42®, and yields a semicarhazone, m. p. 220®, and a phmyl- 
hfdmzonc, Cj(jHie01N2HPh, m, p, about 160®, which gradually 
loses phenylhydrazine. 

The use of inactive a-terpineol mixed with some of the dextro- 
rotatory form results in the formation of inactive and active keto- 
cineol e-oximes. The active oxime forms prismatic crystals, m. p. 
168®, [o]d in methyl alcohol -11'8®. The active keto-cineole 
forms colourless, lamellar crystals, m. p. about 50®, [ap “-44'0®. 

Although keto-cineole contains two asymmetric carbon atoms, the 
optical activity, as is shown by the scheme of the synthesis, 

CMe CMeCl CMe — 0 


CH 3 CH 
CHg CH, 


CH. CH, 
\> 


CH„ CH. 


^CH "-CH *CH CMe^ 

GMe^’OH CMe^'OH 

is due only to the one marked with an asterisk, this being pre- 
existent in the active a-terpineol. T. H. P. 


Halogenated Compounds of Keto-cineole. Guino Cusjiaxo 
(Atti R. Accad. Liricei, 1919, [v], 28, i, 78—83. Compare pre- 
ceding abstract). — Keto-cineole is readily convert-ed into mono- 
ehloro-(or nionobromo-)keto-cineole (annexed foimula), but further 
halogenation results in the formation of deriv- 
CHjj— OMc — CO atives of carvomenthoiie (tetrahydrocarvone). 

I * I The structure of the monohalogenated com- 
I I pounds is established by the action of 

CMe^ potassium permanganate (three atoms of 

CH— CH CHCI molecule of halogen derivative) or 

- of dilute potassium hydroxide solutiou, which 
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converts them into cineolic acid, this reaction being similar to the 
transforniatioii of analogous camphor derivatives into camphoric 
acid. When treated with hydrogen bromide in ethereal solution, 
keto-cineole yields 1 : 8-dibroniocarvoinenthone (loc, the 

latter, and not l:3:8-tribromocarvonienthone, is also obtained by 
the action of hydrogen bromide on monobromoketo-cineol© under 
similar conditions, transformation of the cineole bridge being 
accompanied by elimination by reduction of the bromine atom 
from the methylene group next to the carbonyl. 

M onochloroketo-cineole , C10HJ5O2CI, forms shining, elongated 
prisms, m. p. 78°, and volatilises unchanged (compare Cusmano, 
this vol., ii, 61). 

MonohroTnoketo-ciiicolc, C^QHjjOgBr, forms transparent, colour- 
less, prismatic crystals, m. p. about 90°, and when volatilised emits 
an odour of keto-cineole. By bromine (2 atoms per mol.) in 
chloroform solution, it is converted into a compound, which 
crystallises in nacreous, lamellar crystals, m. p. 143°, and appears 
to be a tetrabromotetrahydrocarvone, CioHi40Br4. T. H. P. 

Digitalis Glucosides. XXXIX. H. Ktliani (Ber., 1919, 62, [B], 
200 — 205). — ^After many years of disappointment, the author nas 
now succeeded in degrading a compound of* the digitalis series, 
namely, digitogenic acid (A., 1902, i, 46), to simpler substances 
which may open up the way to a final elucidation of the composition 
of the glucosides. 

When heated at 100° with ten times its volume of 50% alrohol 
and concentrated hydrochloric acid in the proportion 25 : 1 , digito- 
genic acid is hydrolysed to a lactone, (this may be corrected 

in the future), m, p. 93°, [o]ij~79'5°, and a monobasic acid, 
(or C.,oH 3 o 06), which crystallises well from diluted acetic 
acid with O'SHaO, has m. p. 112°, [aj^ -79-8°, and forms a 
uuiffnesium salt with SHoO. J. C. W. 

Saponins. I. E. Winterstein and M, Maxim {llclv. Chim. 
Acta, 1919, 2, 195 — 203). A short summary of the present know- 
ledge of saponiii.s is given, and attention is directed to the need 
for more extensive studies of the sapogeiiins which remain when 
these glucosides are hydrolysed. For a jireliminary investigation 
of this sort, the authors have chosen the saponins of the horse- 
chestnut and the soap-berry (Sapindus; mj/onana). These may be 
isolated as follows. The crushed or powdered material is extracted 
with ether, then with warm 95% alcohol in the presence of calcium 
carbonate, and the alcoholic extract is evaporated, diluted with 
water, and digested with lead hydroxide for several days. After 
filtering and removing lead from, the filtrate, the solution is con- 
centra W in a high vacuum. For the further purification of the 
saponins, dialysis may be advisable, as the plant material contains 
a good deal of sucrose. 

Horse-chestnut saponin is readily hydrolysed by dilute acids in 
'the cold. Sapindus saponin, however, is only partly degraded by 
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cold acids. It appears to be a mixture of glucosides, whicb gives 
a mixture of peutosides when partly hydrolysed initial 
sapogenins these being converted into the “ end sapogenina ” by 
means of warm acids. A pentoside is also formed when the 
saponin is left with dilute hydrogen peroxide at 40^ tor some days. 
The sugars present include ^fructose and cf-glucose, and rhamnose 
and arabinose in the ratio 1:2 or 1:3, and the approximate com- 
position of the saponin is roughly 33 — 35% ''end sapogenin/' 45% 
hexoses, and 15% pentoees. 

Sapindus saponin may be brominated in methyl-alcoholic solu- 
tion. The product has just the same foaming power as the original 
saponin, but is no longer haemolytic; in fact, it hinders the h^o- 
lykc activities of other aaponins. 

Only about 6 grams of pure sapogenin can be obtained from 
100 grams of the crude saponin. The compomid^ has 

m. p. 319®, forms a mono-acetate, gives a fluorescent dye when 
condensed with. resorcinol, and yields naphthalene derivatives on 
oxidation. J. C. W. 

Curcumin. Pkaphulla Chandra Ghosh (T., 1919, H5 , 
292-— 299). 

Tannins. I, Hamameli-tannin. Karl Freddenberg ( Bev .^ 
1919, 52, [5], 177 — 185). — Although the constitutions of Chinese 
and Turkish tannins have been elucidated in all essential points 
by the work of Fischer and his collaborators (1912—1918), the last 
remaining problems will evidently require time for their solution, 
because these naturally occurring amorphous substances are very 
probably inseparable mixtures ■ of very nearly related polygalloyl- 
glucosea. Griittner's hamameli-tannin is, however, a crystalline, 
and therefore probably individual, substance. With regard to its 
constitution, the only fact known is that it contains gallic acid 
and a new sugar (Fischer, A., 1913, i, 1352). Titration shows that 
there is no free carboxyl group. By treatment with diazomethane 
in acetone solution, hamameli-tannin yields a friable methyl 
(iei'ivative which yields gallic acid triraethyl ether by hydrolysis 
with xF-sodium hydroxide. The prolonged treatment with 5% 
sulphuric acid required to hydrolyse the tannin also causes changes 
in the sugar produced. The author has therefore hydrolysed a 
flilute aqueous solution of the tannin covered with toluene with 
taanase (the preparation of which is described; dextrose must be 
removed), and obtained gallic acid and a sugar (calculated as a 
bexose) in quantities corresponding with the formula of a digalloyl- 
bexose. 

The sugar, which has been obtained only as a yellow, viscous, 
laevorotatory syrup, has not been identified; it appears to contain 
a normal chain of six carbon atoms. C. S. 

Formation of Plavone or Coumarone Derivatives from 
Hydroxychalkones. J. Tambob and Hans Gubleb {Helv. Chivi. 
icta, 1919, 2, 101 — 111). — Tambor has recently developed an easy 
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method for the synthesis of hydroxyflavones, namely, by the 
action of alcoholic potassium hydroxide on the dibromides of acet- 
oxychalkones (A., 1916, i, 831), and Oesterle and Kueny have 
used this process in showing the connexion between homoeriodictyol 
and liiteoiin (A., 1917, i, 703). It is now shown, however, that 
flavones are not always formed, coumarones or coumaranones 
resulting in some cases. Whether the five- or six-membered oxygen 
ring is formed seems to depend on the position of the substituents 
in the aldehyde component of the chalkone. 

2( : 4^ ; 2-Trihydroxy chalkone (2 : 4-dihydroxyphenyl 2-hydroxy- 
sty ryl ketone) (Goschke and Tambor, A., 1912, i, 195) is convert^ 
into the triacetate, glistening needles, m. p. 170 — 171°, and the 
dibrmiide of this, which crystallises in long needles, m. p. 144°, is 
warmed with alcoholic potassium hydroxide, and thus condensed 

to V ‘A^ -dihydroxy A.-henzoylcouiinar one, ^6^3(^^)2 

vrt 

This crystallises as a woolly mass of yellow needles, m. p. 144°, 
forms a colourless diacetate, m. p. 119°, and may be synthesised 
by the condensation of resorcinol with coumarilic chloride in the 
presence of aluminium chloride. 

The methyl ethers of this coumarone are not easily obtained hy 
direct methyl a tion. They have been prepared by Rap’s method 
for synthesising 1-henzoylcoumarones (A., 1896, i, 3Q3), namely, 
by the interaction of salicyl aldehyde and the mono- or di-methyl 
ethers of w-chlororesacetophenone (A., 1918, i, 395). V -Uyd^oxih 
A^-tn.ethoxy-l-henzoylcoumarone forms small, lemon-yellow tablehs. 
in. p, 253° (decomp.), and its acetate has m, p. 166°; '2^ -A^-dimeth- 
oxy-\-henzoylcoiimarone forms colourless prisms, m. p. 102°. Other 
benzoylcoumarones prepared incidentally, in the same way, include 
2^ -hydroxy A ’ : ^-dimethoxy-l-henzoylcoutnaro'ne, dark yellow tab- 
lets, m. p. 253° (decomp.) {acetate, m. p. 180°), from 2-hydroxy- 
3-methoxybenzaldehyde and co-chlororesacetophenone monomethyl 
ether, and i^-hydroxy-^-methoxy-l-hensoylcoumarone, small, dull 
yellow prisms, m. p. 189°, from the same aldehyde and w-chloro- 
p-hydroxyacetophenone. 

The influence of the position of the substituents is further illus- 
trated by another example. 2-AcetoxyphenyI 4-methoxystyryl 
ketone dibromide yields p-methoxybenzylidenecoumaranone when 
treated with concentrated potassium hydroxide (Herstein and 
Kostanecki, A., 1899, i, 369), whereas 2-acetoxyphenyl 2-methoxy- 
styryl ketone dibromide gives 2'-methoxyflavone. o-Hydroxy- 
acetophenone and o-methoxybenzaldehyde are condensed by means 
of sodium hydroxide to 2’hydroxy phenyl 2-methoxystyryl ketone, 
yeOov/ needles, m. p. 112°, the acetate of which, m. p. 64°, is con- 
verted into the dihromidc, OAc’CcH^-CO-CHBrCHBr’C^H^-OMe, 
m. p. 101° (decomp.), and then into 2'-methoxyflavon6 (2^-methoxy- 
2-phenyl- 7 -benzopyroTie), m, p. 103°, as indicated (compare A., 1912, 
i, 486). For comparison with ChTfiethoxyhenzylideneccntinaramne, 
this has been synth^ised from coumavanone and o-methoxybenz- 
aldehyde; it crystallises in straw-yellow prisms, m. p. 175°. 
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Other henzylidenecmmaranone-^^ prepared from suitable 
aldehydes and coumarauone, are as follows: 2~htjdiomj-Z-rnf.tlioxy-.> 
yellow needles, m. p. 212*^ (decomp.) {acetate, very pale yellow, 
silky needles, m. p. 176*^); %\7i‘d,lm.ctk(yxy-y long, pale yellow 
needles, m. p. 130°; 'I'A-dAm^cihoxy- , slender, bright yellow needles, 

m. p. 182—183°; 4:-dimethylamin(y, 

very dark red needles, m. p. 170 — 172°. J. C. W. 

Alkylated CoumaraBones, especially 1 : 1 ; 4-Trimethyl- 
coimiaranone. K. von Auwers and H. Wchutte (Ber,, 1919, 52, 
[B], 77 — 92). — The production of 0- and of f7-alkyl derivatives of 
certain types of coumara nones has been already described (Auwers, 
A., 1912, i, 484, 486). The parent conmaranones have now been 
examined. 1 :4-Dinaethylcoumaranone, b. p. 138 — 140°/22 mm., 
tfhich is best purified by distillation (A,, 1915, i. 440), yields by 
acetylation %acetoxy-\ 'A-dimeihylco'iiviaTone, 

stout crystals, m. p. 29 — 30°, b. p. 170*5 — 171 *5°/ 28 mm., which 
s converted into l-ehloro- and 1-bromo-l ;4'dimethylcoumaranone, 
respectively, by chlorine or bromine in carbon disulphide solution, 
and easily undergoes fission by treatment with warm acids, being 
converted, therefore, by p nitrophenylhydrazine hydrochloride in 
aciueous-alcoholie solution into 4'liydroxy-w-tolyl methyl diketone 
di-p-nitrophenylhydrazone (A.. 1918, i, 193). 

1 : 4-Dunethyicoumaranon0 forms an o.rhnt, colour- 

less needles, m. p. 129°. The ketone, which yields chiefly the 
0-methyI derivative by shaking with methyl sulphate and sodium 
iivdroxide solution (A., 1918, i, 27), is converted mainly into 
1 ; 1 : 4-trimethylcoumaranone by boiling with methyl iodide and 
sodium raethoxide solution, or, better, by treatment with sodamide 
and methyl iodide in ethereal solution ; in the former method about 
1 ^ 0 %, and in the latter about 5%, of the 0 -ether is produced. The 
('-ether is separated by conversion into the semicarbazone. The 
proof that the new methyl group is attached in position 1 is 
obtained indirectly by showing that 1 :4-dimethylcouniaranone by 
ethylation and 4-methyl -l-ethylcoumaranone by methylation, as 
above, y i el d th e same 1 : A-dim e i hyJA ~e t hylcmiTfiaran one, b . p . 
135— 135’o°/18 mm., Df T056, Wp 1-5359 {seniirarhazoney colour- 
less needles, m. p. 184—187°). A second proof is furnished by 
beating 1 : 1 :4-tninethylcoumaranone with sodamide in boiling 
benzene or toluene, whereby a-ji-tdiyhxyhohvtvramidey 
Cr.HiMe-0'CMe.pCO*NH,. 

doiirless prisms, m, p. 84 — 85°, is obtained. C. S. 

Coumaranones and Hydrindones. Karl von Auwers and 
HusABETH Aufpenberg {Ber., 1919, 52, [5], 92 — 113).— Tn con- 
swion with the conversion of benzylidene derivatives of substituted 
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coiunaranones into flavonois (Auwers and Pohl, A., 1914, 981) 

and the fission of the fnran ring of coumaranones by semicarba^ide 
and certain arylhydrazines (Auwers and Muller, A., 1918, i, 27), 
the evidence hitherto obtained has allowed certain generalisations 
to be made regarding the influence of substituents on the stability 
of the furan ring (Auwers and Muller, loe, cit.). To fortify this 
evidence, the behaviour of a further series of coumaranones towards 
semicarbazide and towards /^nit^ophenylhydrazine has been 
examined. The coumaranone is treated with semi carb azide hydro- 
chloride mols.) and sodium acetate in aqueous-alcoholic 

solution at 40—50° for three to four day?, or is heated on the water- 
bath for a few hours with 2 ?-nitrophenylhydrazine hydrochloride 
in aqueous-alcoholic solution; according as the product is a mono- 
or di-semi carbazone or a mono- or di-^nitrophenylhydrazone, the 
furan ring of the coumaranone has not or has been ruptured. 
Thus 4-methoxycoumaranone yields the semicarhazonej 
colourless needles, m. p. 225 — 226°, 5-methoxycoumaranone yields 
the semicarbazoyie, CjoIIjiOgNg, faintly yellow needles, m. p. 
213—215°, 3 : 5 -dimethyl coumaranone yields the semicarhazone, 
C^jHjgO.TNg, colourless needles, m. p. 249 — 251°, and the p-r^f/ro- 
'phenylhydrazone, red needles, m, p. 233°, coumaranone 

yields o-hydroxyph enylglyoxaldi-p-Jii trophenylhydrazone, 

oh-C6H,>c(:n*nh-C(5H,-no.,)*ch:n-nh*qh4*no2, 

brownish -red, ci’ystalline powder, m. p. about 265°, 5-methyl - 
coumaranone yields 2-hydfoxy-'^to(ylglyoxaldir^-nitro phenylhydr- 
azone, m, p. about 260°, 6-methylcouraaranone yields 2-hydroxy- 
m-tolylglyoxald{-Yi-nitrophc?v/lhydrazon e, brownish- 

violet, crystalline powder, ni. p. about 270°, 5-methoxycoumaran- 
one yields 2-hydroxyA-methoxyphevylyhfoxaldi'-p-7\^trophenyJ- 
hydrazone, brownish-violet, crystalline powder, m. p. 

264°, and 4-methoxycoumaranone yields 2-hyd/roxy‘h-m.ethoxy- 
ph t nylglyo xaldi-p-ni troph e nyVk ydrazon e , r ed dish-brown , crystal - 
line powder, m. p. 264°. 1 :1 : 4-Trimethylcoumaranone (preening 

abstract) yields a p-nitrophenylhydrazojir, CiyH^-OgNg, canary- 
yellow needles, m. p. 148°. The results confirm the generalisations 
previously made, to which a fourth is now added, namely, the furan 
ring of 1 : 1-dialkylcoumaranones is characterised by its special 
stability. 

Since it is possible that the varying stability of the coumaranones 
towards ketone reagents may be conditioned by their varying 
tendency to undergo enolisation, the behaviour of the substances 
during acetylation and during bromine titration by Meyer’s method 
has been examined. No differences could be detected. All the 
coumaranones acetylate smoothly (of course, provided there is a 
hvdrogfen atom in position 1). Meyer’s bromine method shows 
that the coumaranones in question (that is, coumaranones which 
do not contain an acvl substituent in position 1 [compare Auwers, 
A,, 1912, i, 484, 1009]) are almost entirely ketonic in the solid 
state, in the fused state, and even after keeping in alcoholic solu- 
tion for several days. 5-Methoxycoumaranone yields 2-acetoxy'6- 
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methtfxycouTTiarone, colourless ueedlea, m. p. 74 — 76®, by treat- 
ment with cold pyridine and acetyl chloride, and 3 :5'diinethyl- 
coumaranone yields ^-acetoxy-'^ib'dimethylcoumarone, ojlourless 
needles, m. p. 65 — 66°, by boiling with acetyl chloride, and 
l.hrorrw-^ib-dimethylcoumaranone, yellow needles, m. p. 105®, 
softening at 103°, by treatment with bromine in carbon disulphide 
solution; the bromo-derivative is converted by sodium carbonate 
in boiling aqueous acetone into the ether, 

cotourless needles, m. p. 210 — 212®. 

Since a-hydrindones are allied to coumaranones in structure, it 
is not impossible that they also might be ruptured in the 5 -ring 
by ketone reagents. However, the following hydrindones all react 
normally with semicarhazide and with p-nitrophenylhydrazine : 
1-hydrindone yields a semicarbazone, and ^-Tiitrophmylhydrazone, 
Cjr,Hi 302 N 3 , brownish-red leaflets (from xylene) or orange, crystal- 
line powder (from glacial acetic acid), m. p. 234—235°, 2-methyl' 
hhydrindone yields a semicarbazone, colourless, crystalline powder, 
ni. p. 200° with previous softening, and a '^-nitrophenylhydrazoiie, 
brownish-red, microscopic crystals, m. p, 167 — 168°, 2-phenyl-l- 
hydrindone forms a f^emicarbazone, stout crystals, m. p. 211 — 212°, 
and a p-nifrophe/iyJhydrazone, red crystals and yellow leaflets, both 
having m. p. 174°, and changeable the one into the other by 
crystallisation from suitable solvents, 3-pheiiyl-l-hydrmdone forms 
iL semiearbazone, colourless crystals, m. p. 223—225°, darkening at 
218°, and a p-nitvophenylhydrazone, brick-red crystals, m. p. 
220 — 221°, and ^~m€fhox}f-%methyl-\d}ydrindorie, b. p. 148°/ 
lOnim., Df M16, J:>r Ml'S8, i'oSaiO, 1-55884, n. I'57529 
at 16'9°, prepared from ^-p-vieihoxyphenyj-a-mtihylpropiouyl 
eJdorid^., OMe*CoH 4 *CH 2 *CHMe‘COCl, b. p/ 167°/23 ^ mm. (the 
avid itself, colourless needles and prisms, m. p. 40°, b. p. 

308° is obtained from ethyl p-methoxy-a’-viethyle.immmeite, b. p. 

mm., I>r 1 0894, Df 1*085, n, 1*'56213, Wj, 1*57009, 
/;,j 1-59339 at 15*6°, which is itself obtained by warming Wallach's 
ethyl j3-hydroxy-3'P“niethoxyphenyl-a-methylpropionate with phos- 
phoryl chloride), forms a semicarbazoney colourless, crystalline 
powder, m. p. 215 — 216°, and p~nifropkenyIhydrazone, yellow 
needles, m. p. 163 — 164°. 

Since the hydrindone last mentioned corresponds in structure 
with 4-methoxy-l-methyl coumaranone. which is most easily 
ruptured hy semicarhazide, it is improbable that any member of 
the hydrindone scries can be ruptured by ketone reagents. None 
of them exhibits the character of an enol ; they cannot be acetylated 
and do not absorb bromine in the Meyer titration method. Only 
in one case has the 5-ring of a hydrindone given evidence of in- 
stability; 2-phenyl-l-hydriiidoiie, after exposure to air for three 
months, yields /3-d eoxybcnzoin-o- carboxylic acid by auto-oxidation 
(compare Salway and Kipping, T,, 1909, 95, 116). C. S. 
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Spectrochemistry of Coumaranones and of Allied Bicyciic 

Ketones. K. von Auwers {Ber., 1919, 52, [B], 113 — 129). — It has 
been shown (preceding abstracts) that the coumaranones l3ehave as 
desmotropic substances towards chemical reagents, but in tho solid 
or fused state are almost entirely ketonic. The same conclusion is 
reached on spectrochemical evidence. For coumarones of the type 

R<lo>CH, the mean values of the specific exaltations are 
EX, + 0-67, + 0-72, El, - S, + 3'^% and El^ - %, + 40% (A., 1915, 

ii, 297), and for those of the type K<C^^^CR", 7^2^ + 0-87, 

Ell) + 0‘92, El, - + 46% and El^ - X + In both cases 

may be alkyl or alkyloxy-groups. When the constants of 
coumaranones are calculated on the assumption tliat these are 
hydroxyconinarones, the mean values are E\ + 0-7^^ A’2u + 0'83, 
El, - X + A'2y - 2„ + 82%. The exaltations of the l efractions 

agree with those of the coumarones, but not those of the dispersions. 

CO 

Coumaranones of the type R<C_c_!!^Cl{'K " must l)e ketoinc. The 

constants for such are 5^2,, + T31, E2l) + 1’4], £23 - X + 89% and 
^ El^ - -rt + 105%. The mean ^'allles of coumaranones which are 
capable of enolisation, calculated for the ketonie formula, aie 
El, + 1 -37, £2„ + M S, El, - 2„ + 86% and El^ - 2„ + 97%, values 
which agree with those of tlie preceding coumaranones. fbe 
optical evidence shows, therefore, that all coumaranones as vet 
examined are ketronic and not enolic in structure. It is also shown 
spec trocherni cal ly that the so-called coninaranonecarboxylic estfu' is 
I’eally the enol, 2-hv(lrox)’coumarilic ester, a result which confirms 
the chemical evidence (A., 1912, i, 1009). 

It has been shown (Auwers, A., 1918, ii, 343) that l-hydrindones 
and l-ketotetrahydronaphthalenes exhibit higher exaltations than 
the homologiies of acetophenone structurally allied to them. A 
further example is })resented by 6-niethoxy-2-methyl-l-liydrindone 
(preceding abstract) when compared with 3 -m ethoxy acetophenone. 
The same phenomenon is seen with heterocyclic ketones containing 
two ring systems, such as the coumaranones and the chromanones. 
However, when the carbonyl group in a bicyciic ketone is not 
attached to the aromatic nucleus, no conjugation occurs, and such 
substances should he optically norjual. This is practically the case 
with 2-hydrindotie and the lactone of o-hydroxyphenylacetic acid, 
for which the values E2„ + 0’40 and 4-0*10, £2r, + 0*42 and 0*11, 
El.i-l„ + ^i:% and +13%„ and £’2,-2,,- and +11% respectively 
are recorded. C. S. ' 

Guvacine. K. Hess and F. Leibbkandt {Ber., 1919, 52, 
[Bl 206—212. Compare A., 1918, i, 401— 403).—In the earlier 
paper, guvacine was said to be deraetbylated arecaine, and dihydro- 
guvacine to be identical with fwnipecotinic acid. Freudenberg, 
on the other hand (ihuL), claimed that guvacine is demethylated 
arecaidine, which would make dihydroguvacine identical with 


oie 
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uipecotinic acid. Hess now agrees with Freudenberg, and with 
Winterstein and Weinhagen (this vol., i, 171). The discrepancy 
was due to the properties of *>onipecotinic acid and dihydroguvacine 
not being sufficiently well established, and to the fact that a speci- 
men of supposed nipecotinic acid obtained from technical 
" a-picoline " proved, after all, to be /6‘onipecotinic acid. 

Guvacine is therefore 1:2:5: 6-tetrahydropyridine-3-carboxylic 
acid, guvacoline is its methyl ester, arecaidine its l-methyl deriv- 
ative, and arecoline the methy^ ester of this, whilst arecaine is to 
be cancelled. 

The statement in the earlier paper that methylguvacine gives the 
ethyl ester of guvacine when boiled with alcoholic hydrogen chloride 
is also in need of correction. The ester arose from umnethylated 
guvacine, and the ethyl ester of methylguvacine was left in the 
residue from the distillation. 

The following table gives the corrected data for the decomposition 
temperatures of dihydroguvacine (from guvacine regenerated from 
guvacoline), nipecotinic acid (Ladenhurg), and f^'onipecotinic acid, 
and their hydrochlorides, platinichlorides, and aurichlorides : 



Acid. 

HCl. 

Pt. 

Au. 

j’wNipecotinic acid . 

328® 

(111,0) 

280° 

245° 213—214' 

Nipecotinic acid 

249—2.50° 

239—240° 

212— 213‘ 

105—197' 

Piftydroguvacine . , . 

2*52° 

232—234° 

235° 195° 

J. C. W. 


The Mobility of Hydrogen Atoms in Organic Molecules. 
Action of Phenylhydrazine on Dioxindoles. J. Martinet 
(('o/npt. rciul.y 1919, 168 , 689 — 691). — Dioxindole and five of its 
horaologues, when acted on by phenylhydr- 
/\__ aziue, all gave pbenylhydrazones of the type 

I ] of the annexed formula, one molecule of the 

\/\/' phenylhydrazine acting as an oxidising agent 

Nfl and the other combining to give the hydrazone. 

Thus, in all these cases, a hydrogen atom 
attached to a carbon atom which was joined to a second carbon 
atom carrying a double linking was mobile. W. G. 


New Isomerism of the Isatogens, Paul Huggli {Ber., 1919, 
52. [B], 1 — 8). — It is customary at present to represent isatogens 

by a quinoiioid formula. By heating certain 

intensely coloured isatogens with alcoholic hydrogen chloride under 
pressure, the author has obtained less intensely coloured isonierides. 
for which there appears to be no formula possible except Baeyer’s 

Q II 

original formula for isatogens. namely, I j,® This formula 


accords well with the properties of the new isomerides. Thus 
6*nitro-2-phenylisatogen, N 0 ./C,iH 3 <C!^Q^CPh , is converted into 
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the immeride, yellow needles, ni. p. 

^(jxh'CO 

151 — 152^, which remains unchanged in pyridine solution after 
prolonged exposure to sunlight, forms an oxime, CJ 4 H 9 O 4 N 3 , yellow 
crystals, m. p. 180 — 181® (decomp.), and differs from 2:4*dinitro- 
tolan in being saturated and in being precipitated unchanged by 
the addition of water to its solution in concentrated sulphurwj acid. 

Similarly, quinonoid ethyl 2-phenylisatogen>6-carboxylate is con- 
verted into an imneiide, faintly yellow needles, m. p. 
lOO’S — 101-5®, and methyl isatogenate is converted by methyl- 
alcoholic hydrogen chloride at the ordinary temperature into an 
isomeride, citron-yellow needles, m. p. about 165° (decomp., 
beginning at about 150®). The latter isomeride in acetone solution 
containing sodium iodide yields no iodine by acidification, whereas 
the corresponding quiuoiioid ester produces a considerable quantity 
by similar treatment. C. S. 

Amino-derivatives of jY-Methylphenazthionium. F. Kehb- 
MANN and Pauline Zybs (Her., 1919, 52, [5], 130 -141). — The two 
series of salts of iV-methylphenazthionium correspond optically with 
those of phenazthionium, but are considerably less stable (Kehr- 
mann and Sandoz, A., 1918, i, 126), Since it is known that^e 
introduction of electropositive groups, such as alkyl and amino- 
gfoups, into the chromogens of onium dyes renders the salts 
more stable towards water, amino-derivatives of A-methylphenaz- 
thionium have been prepared. The salts, however, are less stable 
than was anticipated. 

Z-Nitro-^-methi/lt hiod/ph e nyJam in e '^oxide , 

citron-yellow crystals, in. p. 177®, is obtained by the action of the 
strongest nitric acid in glacial acetic acid on iV-methylthiodiphenyl- 
amine with cooling and the subsequent addition of water. By 
using twice the quantity of nitric acid, 3 : ^-di nitro-^-methylthiodi- 

2)henylamine S-o^?>/c, N02*CeE3<C^^^j'J^C6H3-N02, is obtained, 

pale yellow prisms, darkening at 280® and decomposing without 
melting at a higher temperature. The position of the nitro-groups 
in the jt;w/«-positions to the nitrogen atom is proved by the identity 
of these iiitro-derivatives with the products of the methylation of 
3-iiitro- and of 3 : 6 -dinitro-thiodiphenyIaniine »S^-oxide (unpub- 
lished observations with Schinajewski). By reduction in alcoholic 
suspension with stamious chloride and hydrochloric acid, themono- 
aitro-derivative yields the colourless stauni chloride, and ultimately 
the hydrochloride of 3-ainino-iV-methylthiodiphenylamine, which is 
extremely unstable on account of its tendency to oxidise. By 
acetylation with sodium acetate and boiling acetic anhydride, the 
hydrochloride yields Z-aeet ylawiaO''^~meth ylthiodipheftylaminCf 
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NHAc'C5H,<^_^^CsH„ colourless needles, m, p, I690. 

imme 8-oxide, NHAc-aH,<™®'>p u 1 

c s^gQ_^05U4, colourless crystals 

‘X'Lt^.Zirtii zxrr-’ 

which is converted bv nerrhlnT^ 'a^ ^ ^ inenqumonoid dye, 

C»HmOj(^,C 1,S^, bluish-black /eedles When*^l‘^® Perchlorate, 
methylthiodiphenylamine is boiled^with lo”/ sutT ^ 

lysed, and ultimately oUve-green wh™ 

hydrogen peroxide L“d ^Srlt^ 0!;^^ Teid 

green colour of the di-acid salt nf tko t 1 , 

at first unchanged after dilutL the , 
rapidly b^omef dirty‘lfafth! ^alt 

Mfornfe. NH,-C„H 3 <™®^Cl^C,HpKH, or 

C 10 pNH,;c,H,<^^®(C^)>C^H 3 .NH, 

i ;sr'7“^ 

to a suspension of^ 3 : 2 / diVu^ 

solution (compare Reissert, A., l/o 5 , i 472 74 ^ Wh^l 

concentrated hydrochloric LlH + i- J’ ^ 


plates of rhombic habit m o' ■,n'<,o '7j 

'“l“*aSSs' «f P.‘S“cSo’rW. * E“t 

«z and St VON biiEMENTowsKi ( 3 er., 1919 , 52 [5] igg 194., 
■'ateo tor two hours, and then basified with sodium hydrlxide 
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solution and the black precipitate boiled with concentrated 
aqueous sodium hydroxide, the alkaline solution contains as the 
chief product of the reaction 5 : 7-dichloro- 8-hydroxy quinoline, the 
by-products being 5-chloro-8-hydroxyquinoline and the dihydroxy- 
diquinolyl described below. 

When a 0-3% aqueous solution of 8-hydroxyquinoline at about 
40° is treated with ferric chloride solution (35 grains in 100 grams 
of water), and is then treated as above, ^:^-dihydroxy-b:bf- 
illquinolyl is obtained in considerable quantity, together with 
chlorinated products. The lormation of the latter is avoided by 
Using ferric sulphate iu place of ferric chloride. The dihydroxy- 
diquinolyl, Ci8Hi.>02^2^ brownish -yellow crystals, m. p. 

320—322°, softening” at 310°. It is soluble in dilute mineral acids 
and alkalis, forms a hydrochloride^ CigHj202N2,iHCl,2H20, 
yellow crystals, and diacciyl derivative, crystals, m, p. 187°, soften- 
ing at 180°, and has been prepared from 3 : 3^-diamino-4 : 4'-dihydr- 
oxydiphetiyl by the Skraup reaction. C. S. 


Four-membered Cyclic Ureas. I. History and Nomen 
clature. William J. Halk (J.. Amcr. Ckem, Hoc., 1910, 41, 
370_378). — In 1869, Schiff obtained condensation products of 
urea with certain aldehydes, to which he assigned structures based 

oil the ring system, Since that time, Schiff’s theory 

has been practically abandoned (see, especially, Dixon's work on 
the formaldehyde reaction, T., 1918, 113, 238), but other com- 
pounds have been discovered which unquestionably contain this 
heterocyclic system (see Fromm, A., 1893, i, 575; 1906, i, 656; 
1913, i, 207; Frerichs and Hartwig, A., 1906, i, 74, 163; Senier 
and Shepheard, T., 1909, 95, 504). 

In the further development of the subject which the author con- 
templates, a proper system of nomenclature for these four- 
membered ring compounds is desirable. Names with the root 
''diaz-” would be rational, but in recognition of Fromm’s work 
as the pioneer, and of his terms '^alduref’ and '' keturet,’^ the 
following arrangement is adopted : 


CH,< 


/NH^ 

‘ ^ =>C 
' ^NH/ 
Uretidone- 


CH.> 


NH 

nh/ 

Urctidiiie. 


CIL 


cHf 

Urete. 


CEf )CH. 


Uretine 


/N-\ 

CHf )CO 

Uretone. 

J. c. w. 


Four-membered Cyclic Ureas. II. Condensation of 
tsoCyanic Acid with a Schifi Base. William J. Hale and 
Norbert a. Lange (/. Amer. Ckem. Hoc., 1919, 41, 379 — 388).— 
When finely powdered potassium cyanate is stirred into a cold 
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concentrated solution of benzaidazine in glacial acetic acid and the 
solution is left in a vacuum desiccator over soda-lime for a few 

days at 0®, \ ■A-diphenyluretidone, slowly 

separates in slender needles, m. p. 224 — 225^ (decomp.) (compare 
the result obtained by Bailey and Moore under other conditions, 
A., 1917, i, 355). The compound forms a Z-acetyl derivative, m. p. 
337°, and yields benzaldehyde and pheiiylcarbamide on hydrolysis. 
It cannot, however, be obtained by the condensation of these two 
substances. If warmed together or mixed with a little alcohol and 
a few drops of sulphuric acid, they yield henzylidenchiiipheiiyl' 
carbamide, CHPh(NH-CO*NHPh),, m. p. 198--199° (decomp.), 
whilst condensation with alcoholic hydrogen chloride furnishes the 
hildrochloride of phcnyl-a-ethoxyhenzylcarhamide, which is hydro- 
lysed to the free bme, NHPh'CO’NH*CHPh'OEfc, an amorphous 
substance, softening at 150 — 155°, when its alcoholic solution is 
poured into water. 

Beiizylidene-ethylamine reacts with /^ocyanic acid in quite a 
different manner; no crystals separate, but if the acetic acid is 
removed by a current of steam, 4:\^-dilietophenyl-l~ethylhexa- 

hijdroA\Z’ro-triazine, may be isolated in 

clusters of needles, m. p. 226°. 

Staudinger has already directed attention to the similarity 
between carbimides and Icet^ns with respect to their reactions with 
luisaturated compounds (A., 1917, i, 666), and it is noteworthy 
that he has found the same kind of divergence between benzyhdene 
derivatives of aromatic and aliphatic amines as that illustrated 
above (A., 1910, i, 586). J. C. W. 

Diacetylindigotin. D, Vohlander and Johannes von Pfeiffek 
{Her., 1919, 52, [^], 325 -329). — Proof is adduced that the acetyl 
groups in diacetylindigotin are attached to nitrogen, which helps 
to explain why the compound differs so widely from iiidigotiii in 
colour. 

Indoxylic acid, prepared by fusing the sodium salt of phenyl- 
glycine- o-c a rboxy lie acid with sodium hydroxide, is heated with 
acetic anhydride at 90 — 100°, and thus converted into A -acetyl- 
indoxyl (A., 1901, i, 563). The position of the acetyl group follows 
from the fact that acetylanthranilic acid is formed if the com- 
[loimd is boiled with an excess of potassium pennanganate in 
acetone. Diacetylindigotin is formed intermediately, and it can 
he prepared conveniently in this way if an excess of permanganate 
is avoided. It crystallises from benzene in red prisms or pyramids, 
m. p. 245 — 250°, and yields a comparatively soluble form of 
indigotin when boiled with an acetic acid solution of hydrogen 
chloride. 

0 -Acetyl indoxyl (ibid.) yields indirubin when oxidised by per- 
hydrol in acetic acid solution. 

Although indoxyl yields the two acetyl derivatives, indigo-white 

VOL. oxvi. i. 
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only yields one di acetyl derivative. This is the iV'-isomeride, for 
it may be oxidised to acetylaiithranilic acid. 

DiacetyUQ-dimetliylhuiigo'Wlih^ Co^H^oO^N,, obtained by acetyl- 
ating the alkaline solution of “ o-tolylindigo-white,” crystallises in 
white tablets, m. p. 245 — 248°, and may be oxidised by nitrogen 
trioxide fumes to diaceUjl-o-dimethjlindigotin, orange-yellow 
tablets, m. p. 178° (decomp.). The corresponding dibenzoyl com- 
pound forms yellow crystals, m. p. 175° (decomp.). J. C. W. 

Mercury Mercaptide Nitrites and their Reaction with the 
Alkyl Iodides. IV. Chain Compounds of Sulphur (con^wwed). 
Prafulla Chandra Kay and Prafulla Chandra Guea (T., 1919, 
115 , 261-^271). 

Dihydroxydihydroglyoxalines and their Conversion into 
Glyoxalines. II. Otto Diels and Carry Salomon (Kcr., 1919, 
52 , [.B], 43 — 51. Compare Diels, A., 1918, i, 448). — Further ex- 
periments have been undertaken to characterise and to confirm 
the constitution of 3 : 4-oxido- 2 -phenyl-4 : 5-dimethyl-3 : 4'dihydro- 
glyoxaline {loc. cit.). It reacts additively with acetyl chloride to 
form a covijmind^ CisHj-p.^NoCl, colourless crystals, m. p. 148° 
with benzoyl chloride to form the com^pound, C^gHi-OgN'^Cl, 
crystals, m. p, 162°, both of which are stable, with phenylcarbimide 
in pyridine solution to form the compmind, colourless 

crystals, in. p. 140°, and with ethylcarbimide in benzene solution 
to form the compovnd, crystals, m. p. 116 — 118°, It 

is converted into 2-phenyl-4:5-dimethylglyoxaline by anhydrous 
ethylamine in benzene solution at 160°, or more smoothly by 
phenylhydrazine at 200 — 210°. C. S. 

pcn-Naphthylenediamine and Selenious Acid. 0. Hinsberg 
{Ber., 1919, 52 , \B\ 21 — 28). — The reaction studied by Sachs (A., 
1909, i, 426) has been more thoroughly examined, ]}en- 
Naphthylenediamine (2 mols.) dissolved in pyridine is treated with 
a solution of selenious acid (1 mol.) in aqueous pyridine, whereby 

dikydrodi-p^n-napJitha-^ehndia : ole, C,„H„<|h>S6<nh>C„H, 

is obtained after the addition of water. It forms yellowish-red 
flocks, m. p. 120°, and is oxidised very easily, even by air, to 

di-p^Ti-n aph thiuele ndi nzoh\ e C^qH brown , 

crystalline powder, in, p. above 300°, which is very sparingly 
soluble in all solvents except pyridine {liydroehloride, blackish- 
violet needles). Di-p<?n-uaphthaselendiazole is decomposed by zinc 
dust, glacial acetic and concentrated hydrochloric acids on the 
water-bath, yielding hydrogen selenide and 1 : 8-naphthylenedi- 
araine, and is oxidised by ferric chloride and hydrochloric acid, 
yielding a black powder, decomp, above 300°, the nature of which 
has not been ascertained, but it is probably identical with the pro- 
duct obtained from equal molecular quantities of selenic acid and 
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1 ; S-naphthylenediaJnine by warming in dilute acetic acid solution 
on the water-bath. 

The bearing of the preceding results on the author’s theory of 
the structure of the selenium atom (A., 1918, ii, 106) is discussed. 

C, S. 

pistillation of Egg Albumin under Reduced Pressure. 

Ame Pictet and Marc Cramer {Helv, Clmn. Acta^ 1919, 2, 
188 — 195). — ^The tar obtained by the dry distillation of animal 
matter contains substances like aniline, pyridine, and quinoline 
which bear no relationship to the amino-acids of the proteins. The 
question arises, therefore, whether the protein complexes contain 
such atomic groupings, hitherto unrecognised, or whether these 
compounds are formed by the pyrogenic transformations or con- 
densations of the primary decomposition products. In the hope 
of throwing some light on the problem, the authors have distilled 
4 kilos, of egg-albumin under a pressure of 20- — 22 mm., but with 
little success. 

Up to 70°, the only product is water; at about 150°, a brisk 
evolution of gas commences, mostly soluble in sodium hydroxide 
or dilute sulphuric acid ; towards 220 °, a yellow oil begins to distil, 
but at 350° distillation ceases, a very porous and light coke being 
left behind. The relative proportions of the products are as 
follows; water, 30%; organic compounds dissolved in this water, 
6 %; insoluble oil, 9%; coke, 32%; gas and losses, 23%. 

The organic compounds are entirely soluble in ether, and can be 
differentiated into acidic, basic, and neutral fractions. Acetic, 
propionic, « -butyric, and succinic acids may be detected in the first 
fraction, but no aromatic acids. The bulk of the bases distils at 
about 175°, and appears to consist of a single primary amine of 
the formula QH 9 N. It is a very mobile oil, which does not form 
a diazonium salt, but liberates benzene and nitrogen when warmed 
with nitrous acid. It is suggested, therefore, that the base may 

be a dihydroaniline of the formula It 

forms a ficratey m. p. 185°, and may be acetylated or benzoylated. 
Pyrrolic bases of higher boiling points are also present. 

The chief product of the distillation is found among the neutral 
flibstances. It is «>ohexoamide, CH]Vle 2 *CTT. 2 ’CH 2 *CO*NH 2 , m, p. 
120 °. The isolation of this amide has important consequences, 
dnce it throws light on the origin of the tyohexonitrile, which is 
one of the principal constituents of animal oil (Weidel and 

Ciamician, A., 1880, 403), and also links this nitrile with leucine, 
the main product of hydrolytic cleavage, in a common stwk, 

namely, a diketopiperazine ring substituted by an butyl radicle. 
Thus, in the formula 

CHMc 2 *CH 2 *CH</ />chr, 

Xnh-!-co/ 
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cleavage at o and h results in the formation of leucine, and at c 
and d in the production of isohexoamide. The neutral fraction 
contains other amides of fatty acids and compounds of the indole 
series, including indole itself, which has not been reported in 
animal oil. 

It was expected that the aqueous portion of the distillate would 
contain Isevoglucosan if egg-albumin contains a glucose grouping, 
but no trace of the substance could be detected. J. C. W. 

Compressibility of Aqueous Solutions of Casein and 

Peptone. Sven Falitzbch (7. Amer. Chem, Soc., 1919, 41, 
346 — 351, and Comp, rend. Lab. Garish erg t 1919, 14, 14 — 20). — 
The compressibility, hydrogen-ion concentration, viscosity, specific 
volume, and density of acid casein solutions, alkaline casein solu- 
tions, and peptone solutions have been measured for a series of 
concentrations at 20°. The compressibiliti^ were measured over 
the range 100—300 megabars. The compressibility of casein solu- 
tions decreases with rising concentrations, and very nearly to the 
same extent in weakly acid and in weakly alkaline solutions. The 
compressibility of peptone solutions also decreases, even more 
markedly, with rising concentration. For the concentration of 
10 grams in 100 grams of water, the compressibility of acid casein 
solution is 40-6 x 10-®, of alkaline casein solution 40‘5 x 10~®, and 
of a peptone solution 39’Ox 10“®. 7. F. S. 

Nuclein Metabolism. VI. The Cleavage of Nucleotides 
by means of Hot Aqueous Picric Acid Solutions. Isolation 
of Crystalline Cytidine-phospboric Acid. S. J. THANNHAnsER 
and G. Dorfmullee {Zeiisch, physiol. Ghem., 1919, 104, 65 — 72). 
— The triphosphonucleic acid obtained from, yeashnudeic acid by 
hydrolysis with ammonia was further hydrolysed by treatment with 
hot picric acid solution. From the reaction mixture, a crystalline, 
brucine salt of cytidine-phosphoric acid was isolated, 

0gHj40gN3P(C23H2e04N^)^, 

m. p. 180 — 182°. This yielded the free cytidine-phosphoric acid, 
GgHj^OgNjP, in a crystalline condition, mono clinic-sphenoidal 
crystals, m. p. 227°, [a]® = + 23'43°. The two triphosphonucleic 
acids previously described (A., 1918, i, 47) were submitted to the 
picric acid hydrolysis. Both yielded the brucine salt of cytidine- 
phosphoric acid, but only from the /-triphosphonucleic acid, m. p. 
205°, was the free cytidine-phosphoric acid isolated in the crystal- 
line condition. The inactive triphosphonucleic acid, m. p. 
185 — 187°, is therefore not regarded as a pure substance. 

A mixture of uridine-phosphoric acid and cytidine-phosphoric 
acid may be obtained by hydrolysis of yeast-nucleic acid with picric 
acid, and the two products may be separated by careful fractional 
recrystallisation of their brucine salts. J. C. D. 

Absorption of Water by Gelatin. Edith B. Shreve (J. 
Franklin Inst.^ 1919, 187, 319 — 337). — The amount of water 
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absorbed by a gelatm jelly invariably increases with rise of 
temperature Since the absorption is accompanied by develoomen 
of beat, and contraction, Le Cbatelier’s tbeorem would renuke a 
deci^sing water absorption for increasing temperature iu“sue 

oTttf 7 ^ 

ol the gelatin begins. Hofmeistef’s result a«"on^^^^^^ 

amount of absorption m some <?alt anri i . 

i. s 

jellies are made up with these solutions instead of with TaTer ^he 
amount of water absorption is in all cases vreater fW 7 ’• tt 

made with water only The bearing of tf ' * ^ ^ 

r ‘;.T. 

The Muence of Saponin on the Action of Lipases A T 

Flohb (Arch. Neerland. phydol.^ 1919 3 I 89 _i^\ L-\ 

of saponin activate pancreatic linas^ \hl • a Solutions 

m.g mth a, oonSinU.iion ol 

™ z;r.7.5rL::lr.r'..t, -H- -*•«“ “s 

j™tio. .1 .„ta 

ijii S* 7"" “ *'« 

tion of the saponin ^ steadily with the concentra- 

W. G. 

sr.““ 1^727 

ioc., 1919, 41, 451^581 _Tkr^ “■ p 

)rimary arsanilic acid was farst descrfb'2’'w ^ V, 

he details of the processes wbft If Bechamp m 1863, but 

omparatively secret The authors h o’’ Hie large scale, are 

letLd forlldng either the a simple 

n a pure state (compare this vol i 182) ^''^an'lic acid 

ours at 160-170° and for one hour at irO-185^ 

Mewhat, 225 r r nf fiV anA‘ x. ^ * -^fter cooling 

“ s- iri 

« £ “t,* 

it i« m oi‘.; 

I* 2 
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(icid, OH'AsO(C^H4’NH2).^.~56-4 C.c. 
of commorcial arsenic acid and 1500 c.c. of aniline are heated at 
230^ in a flask fitted with an inlet tube reaching to the bottom 
and a condenser, a current of air being drawn through the liquid 
to ensure good mixing. When about 1200 c.c. of aniline have dis- 
tilled over, the product is cooled, shaken with SA-sodium hydr- 
oxide, and the aqueous layer is then agitated with infusorial earth 
and filtered. The solution is acidified by 3iV -acetic acid, and the 
crude sec.-arsanilic acid which separates is purified by dissolving 
in 3iV-alkali, removing any aniline by a current of steam, and then 
adding acetic acid, first until a small precipitate of coloured 
products is formed, and finally until the acid is completely re- 
precipitated. J. C. W. 

Preparation of Sodium ^-Hydroxypheuylarsinate. James 

B. CoNANT (J. Amer, Chem. Soc., 1919, 41, 431 — 435). — The pre- 
paration of ^;-hydroxyphenylarsiiiic acid from phenol and arsenic 
acid represents a first stage in the synthesis of salvaraan/’ but 
little has been published about the reaction beyond the notes of 
the German patent (A., 1909, i, 279). It is now stated that the 
best results, giving a yield of about 21*5%, are obtained by heat- 
ing a well-stirred mixture of phenol and a syrupy arsenic add 
corresponding with the formula H 3 ASO 4 , at 147 — 157°, for three 
hours. An excess of acid is us^ amounting to 10% of the 
theoretical requirement, and practically nothing but a small 
quantity of water is lost during the process. The isolation of the 
sodium salt of the product is best performed as follows. The 
aqueous solution of the crude acid is filtered from tar, mixed with 
barium hydroxide until the brown colour begins to change to pink, 
and then extracted several times with ether to remove tarry matter. 
More barium hydroxide is then added until a test portion, after 
rendering it alkaline and filtering, shows the presence of barium 
ions, when the solution is made just alkaline by the addition of 
sodium hydroxide, and filtered. The excess of barium is removed 
by sodium sulphate, and the filtrate evaporated to a red syrup, 
Impurities are now finally removed by adding sulphuric acid until 
the colour becomes yellow, when they separate as a viscous, brown 
oil. The clear solution is then neutralised again and evaporated, 
a mixture of sodium sulphate and y>hydroxyphenylarsmate being 
obtained. If desired, the latter salt can be extracted by means of 
alcohol and crystallised. 

The next step in the synthesis of salvarsan ’’ is the nitration 
of the /^-hydroxyphenylarsinic acid. For this purpose, the above 
mixture of sodium salts is quite suitable, but it must be roughly 
analysed before use. This can be done by taking advantage of the 
fact that the arsinic acid is converted into tribromophenol on the 
addition of bromine water. In the nitration, the crude salt, dried 
at 100 °, is stirred into about half its weight of sulphuric acid at 
0 °, and the nitrating mixture, containing one equivalent of nitric 
acid, is slowly added. The temperature is allowed to rise gradin 
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J . C, \V- 

,»119-12«02!3 „d 12(»22.-12802271,“wil^:riJ*. 
of iV-phenylglycme-zj-arsinic acid are described in which the 
aromatic nucleus containing the arsenic radicle is connect.^ with 
the o^ainino-group of an o aminoacylamino-side chaiii. These com- 
pounds are powerful agents in the treatment of trypanosomal and 
spirochffitel infections. The general methods of preparation consist 
m treating the sodium salt of /raminophenylarsinic acid with 
amides, ureides, or anilides of halogenacetic acids, or by treah 
mg the meth^ ester of il"-phenylglycine-p-arsinio acid with an 
amine. U.S^ Pat. 1280119 relates to amides of iV'-phenylglycine- 

"NH^Cm'-CO-NR "r ' foLula 

’ d R» S ^ . where R is alkyl, aryl, or hydrogen, and R' 

T^' ^ fl ® .7 tiydrogen. 1280120 relates to fV-phenyl- 

.lyrine-e-methylureide-;>arsinic acid, or generally to derivatives 
^R' ar! -NH-CHR.CO-NH-CO-NR'H, in which R 

f A' i. 1280122 relates to »i'-amino- 

phenohA-phenylglycine-p-arsinic acid, or generally to derivatives 
.'■th the side-chain -NH-CHR-CO-NHAr, in whih R is alkyl 
aryl or hydrogen, and Ar is an aromatic radicle with or without 
mbstitnted gronps.^ 1280122 relates to arsenoxides containing the 
^up As-O, obtained by the action of mild reducing agents such 

"8fll2'’l X' *''1 above. 

rXcHo f a/®enaphenylglycmebisarylaraides, obtained hv 

the action of powerful reducing agents on the anilides specified 
above, whereby two molecules of the anilide unite together by 
nmdensation and reduction, through the bond -AsTAs-. The.e 
are formed by the action of hynophosphorons and hydriodic acids 
the corresponding arsinic acids or arsenoxides ; thov have a more 

ITO2^‘ reX'*r"*''',r-f i!^" ®‘'bi derivatives. 

W i ®o’oble sodium salts of the above ureides, 

W 97 J n- ^ ™ f above anilides, and 
iOL7 to readily soluble hydrochloric or other acid salts of the 
bove arsenoaryl condensation derivatives, the salt-forming acid 

a-amino-gronps of ’the side-chains iV the 
iwra-pcsitioii to the arsenic. J F E 

Preparation of Arsphenamine [Salvarsan]. Philip Adolph 

(niirirl f u ' i arsenic in salvarsan is penerallv 

to be about 31 '6, although the formula, 

As,rCBH3(OH:)*NHn.HCll,’ 

requires 34‘2% The difference is usually ascribed to the pre^^ence 
wo molecules of water, althou^rh the dru^ as prepared by 
jirlich and Bertheim’s method (A.. 1912 i 523) is actuallv nrp^ 

authors have 

hat it contains one molecule of methyl alcohol. Koher is 
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of the opinion that the serious fluctuations in the toxicity of the 
various preparations, about 60% of which have to be rejected, are 
largely due to the use of methyl alcohol and ether, and has there- 
fore designed a method for preparing the drug in which no use of 
these physiologically dangerous and inflammable solvents is made. 

A solution of 85 grams of crude nitrohydroxypbenylarsinic acid 
in 290 c.c. of 2iV'-sodium hydroxide and 1700 c.c. of water is stirred 
into a solution of 220 grams of magnesium chloride and 1100 grams 
of sodium hyposulphite in 5600 c.c. of water. The mixture is kept 
at below 40^^ until the small amount of suspended impurities seems 
to be about to settle, when it is rapidly filtered, and the solution 
kept at 50 — 60° for two hours or so until the diaminodihydroxy- 
arsenobenzene is deposited. The yellow base is washed with ice- 
cold water, suspended in 400 c.c. of water, and dissolved in 
2iV'-sodium hydroxide, 150 c.c. being suflicient as a rule, all the 
liquids being cooled to 0°. The solution is then filtered through 
an anaerobic filter, mixed with 150 c.c. of hydrochloric acid (1:1), 
and then made up to 1700 c.c. The hydrochloride is finally ‘^salted 
out” by slowly stirring the solution into 3250 c.c. of hydrochloric 
acid (1:1), and is dried in a vacuum desiccator over calcium chloride 
and sodium hydroxide. 

Obtained m this way, salvarsan is a pale greyish-whit© powder 
containing 1 or 2 H 2 O, according to the drying, and charring at 
about 180°. It is less hygroscopic, and therefore more stable, than 
the ordinary preparations, and has a low grade of toxicity. 

A summary of characteristic tests for salvarsan is given, 

J. C. W, 

Organo-chromium Compomids. F. Hein (Be?., 1919, 52, 
[5], 195—196).— By the action of magnesium phenyl bromide on 
anhydrous chromic chloride or chromyl chloride is obtained, 
together with other chromium phenyl compounds (as yet un- 
examined), an orange, amorphous substance which appears to he 
chromndn 'pentaphenyl bromide, Crphr^Br. It is not attacked by 
water, but is decomposed by acids, forms a mercurichlorid^e, 
CrPhftBrjHgClg, and has in boiling chloroform a molecular weight 
corresponding with its formula. C. S. 


Physiological Chemistry. 


The Sugars ot tUe Blood. J. W. Best (Arch, Nkrland. 
physiol., 1919, 3, 222— 266).— The blood of oxen and of horses, 
taken in the absence of digestion, contains O’ 057 — O’ 065% of dex- 
trose, 0* 002—0 ’005% of lactose, and <0’006-~0'0l2% of an unknown 
sugar, Galactose, sucrose, melibiose, maltose, and isomaltose are 
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not present, or, if present, only in quantities less than 0‘001%. The 
unknown sugar is formed by condensation from one or two mole- 
cules of a pentose, and contains about twelve atoms of carbon. It 
gives a phenylosazone, ra. p. 181 — 182^, which from its crystalline 
form, solubility, and m. p. resembles the osazine of Cummidge’s 
sugar (compare Proc. Roy. Soc.^ 1909, 81 , 374). The sugar is not 
attacks by either Sacckaromyces cerevisiae, or emulsin, or the 
yeast which ferments lactose. It is dextrorotatory. It is not 
hydrolysed by boiling with dilute mineral acids, or at least only 
very slowly. The sugar exists as such in the blood, and is not 
formed during the hydrolysis of the gum of the blood. 

The blood of human beings taken in the morning, eleven to six- 
teen hours after the last meal, contains 0'047 — 0*082% of dextrose, 
the residual reduction being equal to 0*019 — 0*031%, of which half 
is due to substances precipitable by phosphotungstic acid. Of the 
remainder, about 0*013% is due to the presence of the unknown 
sugar described above. Examination of the phenylosazones from 
the blood sugars before and after fermentation indicates the 
presence of lactose in human blood,, and in one case, that of a 
woman, thirty-six weeks in pregnancy, 0'006% was found. 

W. G, 

Hsamocyanin. Ernst Philippi (Zeitsch. physiol Chmi., 1919, 
104 , 88 — 94). — Hjemocyanin is very sensitive to acids. Snails’ 
blood is immediately decolorised by the addition of small quanti- 
ties of oxalic acid. After treating snails' blood with potassium 
hydroxide, a product was isolated which contained 7*0% of copper 
and gave an intense pyrrole reaction. The presence of manganese 
in the blood of Pinna sqnnwosa is confirmed, J. 0. D. 

The Effect of Acetone and of /S-Hydroxybutyric and 
Acetoacetic Acids on the Blood Catakse. W, E. Burge 
(/. Biol. Chem., 1919, 37, 343 — 347). — Introduction of doses off 
0 grams per kilo, of 30% solutions of acetone, acetoacetic acid, and 
j3-hydroxybutyric acid into the upper part of the intestines of 
rabbits produced a rise in the catalase content of blood taken from 
the jugular vein. Measurements of the catalase present in blood 
taken from the liver and the portal and jugular veins before and 
after the administration of these subst-ances in this manner indicate 
that they stimulate the liver to an increased output of the enzyme. 
The increased oxidation in diabetes is attribute to the increased 
production of catalase resulting from such stimulation of the 
liver. J. C. D. 

The Mechanism of the Action of Fats in the Utilisation 
and Assimilation of Proteins. F. Maignon {Gompt. rend., 
1919, 168 , 626 — 629. Compare A,, 1918, i, 416). — The author 
reasserts his views as to the part played by the fatty acids in the 
building up of specific proteins in the body from the amino-acids 
arising from the ingested proteins (compare this vol., i, 185). 

W. G. 
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Growth. XI. The Growth, and Senescence of White 
Mice fed upon Pituitary (Anterior Lobe) Tissue, Tethelin, 
Egg Lecithm or Cholesterol. T. Brailsford Robertsox and 
L. A. Ray {J, Biol. Che7n., 1919, 37, 393 — 426). — The results 
previously reported (A., 1916, i, 350, 690) dealt with the influence 
of these substances on the growth of mice up to the sixtieth week 
of life. The present paper records extended observations which 
cover the whole life-period of the animals. Generally speaking, 
the results confirm the conclusions announced in the earlier reports. 
The substances administered to the animals influenced the growth 
process in the way that catalysts influence chemical reactions, that 
is, by affecting the velocity with which the equilibrium is attained 
without affecting the equilibrium itself. J. C. D. 

Growth. XII. The Influence of Pituitary Gland (Anterior 
Lobe) Tissue, Tethelin, Egg Lecithin, and Cholesterol on the 
Duration of Life of the White Mouse. T. Brailsford 

Robertson and L. A. Ray {J. Biol. Chem., 1919, 37, 427 — 442), 
— ^The mean duration of life of mice which have received pituitary 
tissue, lecithin, or cholesterol lies within normal limits. Those 
which had received tethelin, the growth-accelerating substance 
isolated from the anterior lobe of the pituitary gland, showed a 
greatly extended duration of life. Male mice which had received 
tethelin continuoiisly showed a duration of life which exceeded the 
normal by ninety -nine days, whilst in female mice which had 
received tethelin intermittently in three periods of one month each 
prior to the thirtieth week, the increased duration of life was 
eighty-one days. J. C. D. 

Growth. XIV. Further Experiments on the Influence 
of Tethelin on the Growth of the White Mouse. T. Brailsfori) 
Robertson and L. A. Ray (/. Biol. Chem., 1919, 37, 455 — 463. 
Compare A., 1916, i, 356, 690). — Discontinuous administration of 
tethelin will produce the characteristic deformations of the growth 
curve of white mice. The same result was observed to follow a 
single relatively brief period of administration, namely, 4 mg; of 
tethelin per day for eight weeks only, from the fourth to the 
twelfth week of life. The concavity in the curve of growth is 
believecl to be the expression of preliminary retardation preceding 
sexual maturity, followed by a secondary or compensatory 
acceleration accompanying and succeeding sexual maturity. The 
previous opinion, which held that both acceleration and retardation 
were directly due to tethelin, is now modified in that only the 
retardation is believed to he due to that substance, the acceleration 
being due to compensatory factors which develop in the animal 
itself in response to the abnormal dosage of the active principle of 
the anterior lobe of the pituitary body. The direct action of 
tethelin would thus appear to consist exclusively, so far as the 
whole animal is concerned, of retardation of growth, J. C. D. 
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Coagulation and the Physical CondiUon of Milk 

H. Schmidt] (Eolloid Zeitsch., 1919 24 
27^2).— A number of experiments on the solidity of milk curds 
m connexion with the manufacture of cheese. It is 
shown that the solidity of rennet curd is directly proportional to the 
time which has elapsed since coagulation, and inversely proportional 
to the time of coagulation. The solidity is proportional to the 
fC^ad^dfH of the milk curd is increased by 

of salf ldded°^ \Virb proportion to the amount 
of salt added. With increasing temperature, the solidity increases 

solidification of the curd is a continuation of the coagulation 

fawr^The*^ place according to the ordinary coagulation 

laws. The solidity is dependent on the individuality of the^ animal 

of time. Sudden changes in the solidity relationships can occur • 
these are the result of weather changes and physiological conditions’ 

S™.!-.'...'.'*"* t; 

J- F. S. 

The Forms of Nitrogen in Protein free Milk. Coenelia 
Kennedy (J. 4i«r,-. Chen,,. Soc., 1919, 41, 388-393).-The so 
called protein-free milk IS prepared as follows: 40 litres of centri- 
fuged mlk diluted with 8 litres of water, are mixed with a little 
more than the required amount of hydrochloric acid to cause the 
ormation of a curd, filtered through cheesecloth, the filtrate is 
toiled for half a minute, cooled, filtered through paper pulp, and 
the solution neutralised with sodium hydroxide and evaporated 
to dryness at 60—70 . An examination of the distribution of 
mtrogen m five samples of such milk, obtained from the same herd 
at different times, has been made, with the following results- 
1 the nitrogenous substances present vary in composition; 

(. considerable quantities of proteins or peptides of high mole- 
cular weight are still present, for there is a great increase in the 
amount of amino-mtrogen after hydrolysis or tryptic digestion; 
(3) nearly half of the nitrogenous material is precipitated bv 
mercuric nitrate or phosphotuiigstic acid, the latter agent removing 
only non-ammo-nitrogen. * J C W ^ 

Thymol-Chloroform Preservative 
W. Content of Urine. J . 0. Halverson and J. A. 

Schulz (/. imer. Ghe.,n. Soc., 1919, 41, 440- 442)._A solution 

InreT ’"f ^i"S '"dely used as a preservative for 

uiecimens of urine. Its influence on the content of inorganic 

m!r f ,fh<*r€fore been studied in the case of six alkaline spcci- 

"LT' T'"®’ for nearly two 

years, and sixteen specimens of acidic urine from swine, kept at 

f*™P?''®.*^ure for four to twenty-one days. No -varia- 
mns outside the limits of analytical errors were enrountered. 

.1. C. W. 
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Cystine of Urine and of Urinary Calculi. Emil Abderhalben 

{Zeitsch. phydoL Chem., 1919, 104, 129—132. Compare A., 
1907, i, 476). — The cystine derived from the hydrolysis of hair 
and nails of a cystinuric patient was found to be identical with 
that present in the urine. Three cystine calculi contained traces 
of tyrosine, but a fourth was composed exclusively of cystine. This 
cystine possessed the same properties as that deriv^ from the 
keratins. J. C. D. 

Haemoquinic Acid. A New Disintegration Product of 
Quinine Present in the Urine^ especially in ** Blackwater ’* 
Fever. M, Nierensteix {J. Boyal Army Med. Corps, 1919, 
215 — 217). — Occasionally, dark-coloured urines have been observed 
to follow the administration of quinine. These cases were ex- 
amined for the presence of kyniirenic acid, but without success. 
An extension of the method for the isolation of kynurenic acid 
led, however, to the isolation of a new disintegration product of 
quinine, hae?7ioq7imic acid. The acid crystallised from dilute 
alcohol has m. p. 183° (decomp.). It may be rec(^nised 
in dilutions as great as 1 in 5000 by means of the blue 
coloration given with Herapath's reagent. It yields a picratty 
m. p, 224°, and a snlphate crystallising from water in small, silky 
needles. In addition to "blackwater” urines, the urines of the 
following malaria cases were also examined for this acid : 
(1) patients having quinine ; (2) patients soon after rigor ; 
(3) patients some, time after rigor. The results of this study 
suggest a possible relationship between the formation of hsemo- 
quinic acid in the organism and the production of "blackwater,” 
Haemoquinic acid shows pronounced haemolytic properties towards 
human and sheep’s corpuscles. It is possible that the acid is 
6-methoxyquino1ine-3-glyoxvlic acid, O^NH,Me’CO*CO.iH. 

“ J. C. D. 

Chitenine. A Disintegration Product of Quinine Found 
in the Urine. M. Nierenstein [J. Eoyal Army Med. Corps, 1919, 
218 — -219). — The observation of Kerner [Arch, gesamt. Physiol,, 
1869, 200) that chitenine, an oxidation product of quinine, is found 
in the urine after the administration of quinine is confirmed. It 
is present in the urine in the early stages of the excretion of 
quinine. Chitenine was isolated from the urine of a normal 
individual collected during the first two or three hours after the 
administration of quinine sulphate by a fractionation of the pre- 
cipitate produced on the addition of picric acid. The chitenine 
obtained from the urine crystallised from dilute alcohol in prisms, 
m. p. 281—282°. r«lu “122*6°, and ^owed other properties similar 
to those of the chitenine described by Skraup (A., 1893, i, 737). 

J. C. D. 

The Fate of Tetrahydronaphthalene (Tetralin) in the 
Animal Body. Julius Pohl and Margarete Rawicz (Zeitscli. 
physiol. Chem., 1919, 104, 95—104. Compare Schroeter and 
Thomas, A., 1918, i, 418). — Tetrahydronaphthalene is slightly 
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toxic, but rabbits weighing 2 kilos, can tolerate the administration 
of 2—3 grams by the stomach without showing. apparent symptoms. 
Smaller animals develop diarrhoea and die, exhibiting narcosis. 
Tetrahydronaphthalene administered to the rabbit is excreted 
mainly as H,(}<irtetrahydron(i'phthaleneglycuronic addj 
C,oHn*CO-[CH-OH]4-C02H, 

m. p. 256 — 258°, crystallising in colourless, lustrous plates. A 
small portion is excreted unchanged by the respiratory tract. 
When tetralin is administered orally to man, 5—7 grams per day, 
the urine is inactive, dark green, and readily yields an amorphous 
pigment. It also contains a leuco-compound, which is readily 
oxidised to a deep blue pigment, besides dihydronaphthalene and 
naphthalene. Dihydronaphthalene is chiefly excreta as the con- 
jugated glycuronic acid, which readily yields naphthalene. Other 
substances isolated from the urines, such as flc-a-tetrahydro- 
naphthylcarbamide and a substance melting at 286°, are regarded 
as products of secondary reactions. J. C. D. 


Chemistry of Vegetable Physiology and Agriculture. 


Nitrate and Nitrite Assimilation. XIV. Iron and 
Oxy^^en as Necessary Agents for the Reduction of Alkali 
Nitrites by Auto-oxidisaile Compounds. Oskar Baudisch 
1919, 52 , [^], 35—40. Compare A., 1918, i, 474).— An 
explanation has now been found of the fact that iron as well as 
oxygen is necessary for the reduction. It has b^en shown (loc. 
di.) that tervalenfc iron must be present in a complex form in 
order to produce nitric oxide or ammonia from an alkali nitrite. 
It is now shown that when an aqueous alkaline solution of sodium 
nitroprusside is boiled in the absence of air or oxygen, no nitric 
oxide is liberated, and that this gas is produced in large quantity 
directly oxygen is admitted to the system. A similar result is 
obtained by heating a solution of sodium carbonate and potassium 
nitrite with sodium ferripentacyanoammine, [(CN) 5 FeNHg]Na 3 , 
in the presence of oxygen. The whole process of the reduction of 
alkali nitrite is, therefore, a replacement of inorganic or organic 
groups co-ordinatively attached to the iron atom by the NO -group 
of the alkali nitrite, and the subsequent elimination of this group 
by oxygen on warming. In accordance with this, nitrous acid is 
found in the distillate when a solution of potassium ferrocyanide 
is boiled with sodium carbonate and sodium nitrite in the presence 
of oxygen. The elimination of the cy a no-group, however, occurs 
only very slowly, so that only sliglit traces of nitric oxide are 
formed, but this gas is liberated in considerable quantity when a 
little pyridine is added to the reaction mixture. The pyridine may 
be replaced by phloroglucinol. 
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Contrary to previous statements, it is not necessary tiiat the 
compound capable of entering into complex salt formation wit 
the iron must be auto^oxidisable in order to reduce alkali nitrites 
in alkaline solution by heating. 

The reduction of alkali nitrite to nitric oxide and ammonia by 
an alkaline solution of dextrose containing an iron salt is now 
comprehensible in view of the formation of the complex iron salts 
which are produced with aldo- and keto-hexoses in alkaline solu- 
tion. Oxanthrone behaves quite similarly to dextrose, and in both 
cases oxygen is unnecessary. 

Nitrate and Nitrite Assimilation. XV. Iron Oxypn 
as Necessary Agents for the Eeduction of Alkali Nitrates. 

Oskar Baudtsch {Bcr., 1919, 52, [B], 40-43. Compare preceding 
abstract).— Experiments are recorded which show that an alkali 
nitrate is quite unaffecteil by boiling in alkaline solution with 
ferrous' carbonate or hydroxide in the absence of oxygen, but u 
reduced through the alkali nitrite to ammonia directly oxygen is 
admitted. Alkali nitrite is reduced to ammonia even in the 

absence of oxygen. r n r -i 4 / \ 

The author invokes his peroxide formula of alkali nitrates (A., 
1916, i, 702) to explain the phenomenon. Probably the oxygen 

and the ferrous hydroxide form a compound, y>Fe(OH) 2 , and 

this and the alkali nitrate, reacting together like two peroxides, 
produce oxygen and alkali nitrite; the latter is then reduced to 
ammonia. 

InjQuence of Salts on the Nitric-Nitrogen Accumulation 
in the Soil. J. E. (Ireaves, E. G. Carter, and H. C. Goldthorpe 
(/. Agric. Res,, 1919, 16, 107— 135).— The object of the investip- 
tion was to detennine the relative toxicity and stimulant action 
of various salts applied to a soil, as measured by the effect on the 
nitrifying organisms. The salts tested were the chlorides, hitrates, 
sulphates, and carbonates of sodium, potassium, calcium, mag- 
nesium, manganese, and iron. It was found that the toxicity of 
these salts was determined by the specific nature of the salt, and 
not by the ions. In order of decreasing toxicity, the salts were: 
sodium sulphate, sodium carbonate, calcium carbonate, potassium 
sulphate, potassium carbonate, ferric nitrate, sodium nitrate, mag- 
nesium sulphate, ferric sulphate, calcium nitrate, potassium 
nitrate, potassium chloride, magnesium nitrate, manganous 
carbonate, manganous chloride, manganous sulphate, ferric 
carbonate, magnesium chloride, sodium chloride, calcium chloride, 
calcium sulphate. Increase of toxicity with concentration was 
much more rapid in some cases than in others. The explanation 
of the toxicity is probably physiological, due to the action of the 
salt on the living protoplasm of the bacterial cell, the increased 
osmotic pressure of the soil solution being subsidiary. 
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Most of the salts acted as stimulants to nitrification in some at 
least of the concentrations used. Those which failed to give any 
stimulation were sodium sulphate and carbonate, calcium 
carbonate, potassium sulphate and carbonate, and ferric nitrate. 
Many of the nitrates caused large losses of nitric nitrogen, due to 
conversion into protein nitrogen, and not to denitrification. The 
fixation of nitrogen was specially stimulated by the nitrates of 
magnesium, iron, calcium, and manganese. [See J. Soc. Chem. 
hid., 1919, 297 a .] J. H. J. 

Preparation of Glycerol by Fermentation. Karl Schweizer 
{Hdv. CJmn. Acta, 1919, 2, 167" -172). — Glyceraldehyde and 
clihydroxyacetone are commonly regarded as intermediate com- 
pounds in the conversion of sugar into alcohol. It is possible, 
therefore, that they are also the precursors of the glycerol which 
is formed during alcoholic fermentation, in which case it might be 
possible to increase the yield of glycerol if the process is carried 
out in the presence of a reducing agent. Owing to the sensitive 
nature of the ferment, the problem resolves itself into finding a 
hardy species of yeast and a reducing agent which does not hinder 
its development. A technical pressed yeast, prepared with 
molasses, and sodium sulphite were found to answer the require- 
ments. On the experimental scale, the best result was obtained 
in a Hayduck apparatus with a mixture containing 40 grams of 
sucrose, 2 grams of animoniurn di hydrogen phosphate, 1 gram of 
dipotassium hydrogen phosphate, and 10 grams of pressed yeast in 
400 c.c. of water, to which 30 grams of sodium sulphite were added 
when the fermentation had started. After twenty-four hours, 
fermentation had stopped, and as a mean of several experiments 
21 3 grams of glycerol were obtained from 100 grams of sucrose. 
As might be expected, less glycerol was formed if the mixture was 
thoroughly aerated. 

It is stated that some of the belligerent nations have applied 
sodium sulphite in the manufacture of glycerol by fermentation on 
the large scale during the war. J, C. W. 

Fumaric Acid Fermentation of Sugar. Felix Ehrlich 
{Ber., 1919, 52, [5], 63 — 64). -The formation of free fumaric 
acid during the fermentation of sugar by A xper(/ilf i<^ fumarirus 
(Wehmer, this vol,, i, 58) has been previously observed by the 
author during fementation by Bhizopiin iiiifrican^ {Mucor 
><fo!omfer) (A., 1912, ii, 192). ^ C. S. 

Determination of the Distribution of Nitrogen in Certain 
Seeds. J, F. Brewster and C. L. Alsberg (/. Biol. Chern.^ 1919, 
37, 367 — 371). — Certain of the results have been reported 
previously (compare A., 1915, i, 760), — Yeastriiudeic acid, which 
was free from material giving a biuret reaction, was hydrolysed 
with 20% hydrochloric acid for twenty-five hours, and then analysed 
by the Van Slyke method for determining the distribution of 
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nitrogen in proteins. Fifteen % of the total nitrogen was found 
in the arginine fraction, although the nucleic acid contained no 
arginine. This indicates that in the determination of the dis- 
tribution of nitrogen in materials containing nucleic acid by this 
method, erroneous results may be obtained, because purine and 
pyrimidine nitrogen may appear in the arginine fraction. 

J. C. D, 

The Influence of External Concentration on the Position 
of the £(£ailihriuin Attained in the Intake of Salts hy 
Plant Cells. Walter (Stiles and Franklin Kidd {Proc, Roy. Soc., 
1919, [.B], 90, 448 — 470). — The authors have followed the course 
of intake of salts by carrot and potato tissue by measuring the 
changes in conductivity of the solution of a salt presented to the 
tissue, working with concentrations varying from W/IO to iV/5000. 
Carrot tissue is much more suitable than potato tissue for work of 
this character, since the exosmosis from carrot into distilled water 
is slight, whilst that from potato is considerable. In the case of 
copper sulphate, exosmosis exceeds absorption at all concentrations, 
this being characteristic of toxic substances, and the initial rate 
of exosmosis increases with, increase in concentration of the toxic 
solution. With aluminium sulphate, the curves showing the 
change in conductivity of the external solution were similar to 
those obtained with copper sulphate, although aluminium sulphate 
is not toxic. The authors suggest that this may be due to the 
absorption of the aluminium ion, its place being taken by hydrogen 
ions or some other ions, which results in an increase in the con- 
ductivity of the external solution. 

Carrot tissue absorbs potassium, sodium, and calcium chlorides 
in all the concentrations examined, the absorption at first being 
approximately proportional to the external concentration. As the 
absorption progresses, however, it tends towards an equilibrium 
condition in which the ratio of internal to external concentration 
is not constant, but varies with the concentration. This ratio of 
final internal to final external concentration is called the absorp- 
tion ratio, and may be expressed by the equation y~kc^, where 
y is the final internal and c the final external concentratiol, it and 
m being constants. This is the adsorption equation, but the data 
given are regarded as inadequate to justify the conclusion that 
absorption of salts by the cell is an adsorption process. W. G. 

Relationship between the Formation of Proteins and 
Acids in Leaves. Arth. Meyer {Per. Rent hot, Ges., 1918, 36, 
508 — 513). — A review of the literature shows that slight protein 
formation accompanied by feeble deacidification and production 
of oxalate occurs in leaves kept in the dark ; on exposure to light, 
the three processes occur to a greater extent. Protein and oxalate 
are readily formed in leaves exposed to light in an atmosphere free 
from carbon dioxide, and marked deacidification takes place 
simultaneously. The actions do not occur to more than a slight 
extent in the illuminated, colourless leaf. 
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The author is of tho opinion that the carbohydratea react with 
nitrogen, sulphur, and phosphorus derived from inorganic salts to 
yield proteins; the bases of the salts are thereby liberated and 
neutralised by the organic acid produced in the leaves. An 
attempt is made to formulate the process ; 

27CgHj20'^+ 24Ca(N03)2+ CaS04 + 25 H 2 C 2 O 4 = 

+ 2010 + 2503020^ + SGHgO. 
Evidence ift favour of such a scheme is deduced from the literature, 
and further quantitative data are promised. H. W. 

Utilisation of Dextrose and Lsevulose by Higher Plants. 

H. Colin (Compt. rend.f 1919, 168 , 697 — 699). — From an ex- 
amination of etiolated leaves of beetroot, artichoke, and chicory 
fed by a root or a tubercle having a reserve of sucrose or inulin, 
the author produces further evidence in support of the view that 
Isevulose is used by the cells more rapidly than is dextrose. 

W. G, 

Influence of certain Organic Compounds on the Develop- 
ment of Plants. III. G. Oumicun and V. Kav£nxa {Atti li. 
.iccad. Linceif 1919, [v], 28 , i, 13 — 20, Compare A., 1918, i, 47 3j, 
—The effect of watering bean plants grown on cotton wool with 
0'1% solutions of various compounds related fundamentally to the 
vegetable alkaloids has been studied; the bases tested were applied 
in the form of tartrates or phosphates. Of the three methylamines, 
methylamine is the least toxic and the slowest, and trimethylamine 
the most toxic and tJie most rapid, in its action ; small, yellowish- 
brown spots appear on the veins and then on the whole surface 
of the leaves, which finally dry up. The action exerted fay tetra- 
methyl- and tetraethyl- ammonium salts is less poisonous than, and 
diiiereiit in its manifestation from, that of the amines. Theo- 
bromine and dimethylx an thine exert effects moderate in comparison 
with those of caffeine and trimethylxanthine. Methylunc acid 
haa a distinctly toxic action, slow in appearing. Piperidine exerts 
a slight effect, but allows the plants to attain complete maturity, 
whereas 1-methylpiperidine, dim ethyl pip eridyl ammonium tartrate, 
coniine, ac^tylpiperidine, and pipeline are all more or l^s toxic. 
Unlike morphine, codeine and diacetylmorphine are markedly 
toxic. Cinchonine exhibits the same poisonous effects as quinine, 
but to a less degree. Atropine and cocaine are both toxic, the 
action of the latter being the more prompt and more intense. 
Papaverine and narco tine are somewhat more toxic than morphine 
and produce similar effects, and sparteine also has a poisonous 
action. Strychnine at first causes increased development of the 
plants, but these die later; nicotine also kills the plants, but in 
{)'01% solution is without effect. fsoAmylamine rapidly produces 
fatal effects. Aniline is less poisonous than acetanilide, and this 
less so than methylacetanilide. 

The above results indicate that introduction of methyl groups 
increases the toxicity of a compound, confirmation of this rule 
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being obtained with catechol and guaiacol.. Potassium salicylate 
causes only retardation in development, whereas methyl salicylate 
exhibits distinct, although belated, toxicity. 

Experiments with carbamide, guanidine, cyanamide, and 
potassium cyanate and cyanide show that cyanamide is the most 
poisonous of the first three compounds, and is followed by 
guanidine; carbamide, on the other hand, produces extraordinarily 
rank development of the plants. The cyanate and cystnide, both 
poisonous, determine retarded growth. 

Some of the above poisonous compounds exert an influence on 
the migration of the starch, treatment of the leaves with iodine 
solution demonstrating the persistence of the starch at places 
where the action of light is excluded. The formation of starch 
also is sometimes retarded, coloration of the leaves by iodine 
exhibiting discontinuity in the form of spots and veinings. 

T. H. P. 

Microchemistry o£ Plants. XIL Large Siliceous Bodies 
in the Leaf oi Arundo Donax. XIU. Behaviour o£ 
Cystolites towards Salts of Silver and other Metals. 

Hans Molisch {Ber. dent, Bot. Ges., 1918, 36 , 474 — 481. Com- 
pare this vol., i, 113). — Unusually large siliceous bodies, 72 — 108p 
long, 43 — 100 /I wide at the ends, and 11—54 p wide at the middle, 
occur in the leaves of Arundo Donax ) they are insoluble in all 
acids except hydrofluoric, and caii readily be examined after treat- 
ment of the leaf with phenol. 

All the cystolites which have been investigated possess the power 
of reducing silver nitrate or sulphate so strongly that they become 
blackened after a short period. This property can be conveniently 
utilised for the investigation of the distribution of cystolites in 
leaves, the effects being well marked even with small magnification. 
The deposition of silver is due to calcium carbonate, which encrusts 
the cystolites, and the action provides a confirmatory microchemical 
method for the detection of calcium carbonate in the plant. 
Cystolites become coloured red to bluish-violet in gold chloride 
solution, riishred in ferrous sulphate, pale green in nickel sulphate, 
and lilac or pink in cobalt chloride or cobalt sulphate. The 
colorations are due to precipitates of the corresponding hydroxides 
caused by the calcium carbonate of the cystolites. H. W. 

Production of Alcohol from A^ae. E. Kayser {Ann. Chim. 
anal., 1919, [ii], 1 , 79 — 80). — See this vol., i, 193. 

Carbohydrate Content of Lichens and the Influence of 
Chlorides on Alcoholic Fermentation. E. Salkowski {ZeitscJi. 
physiol, Chem., 1919, 104 , 105- -128) --Analyses of Iceland moss 
{Lichen idandicus) and reindeer moss {(Jladonia ranyiferind) are 
given. The former contains 59*45% of lichenin, 4*3% of fat, 4*73% 
of protein, 19*47% of organic matter, exclusive of lichenin, 2*01% of 
ash, and 10*04% of water. The latter contains 54*63% of lichenin, 
2*59% of ether extract, 4*1% of protein, 26*96% of other organic sub- 
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stances, 10‘59% of water, and ri3%of asli. Hydrolysis of these two 
lichens with 2*5% hydrochloric acid or 6% sulphuric acid yields 
50 — 66% of the dry weight of the raw material as dextrose. The 
sugar is fermentable. Sodium chloride disturbs the fermentation of 
dextrose according to the amount present. The concentration of 
dextrose also has an influence. A 12% solution of dextrose contain- 
ing 4% of sodium chloride is completely fermented, and nearly so 
vrhen 8% of the salt is present. Only 90% of the sugar is fermented 
when a 20% solution containing 4% of sodium chloride is tested. 
The equivalent quantity of calcium chloride exerts a more disturb- 
ing influence. The hydrolysates from the lichens contain not only 
the readily fermentable sugar, but also a substance which inhibits 
fermentation. It is possible this property belongs to the acids 
from thp lichens. Lichens contain a readily hydrolysablc cellulose. 
Lichenin is not converted into sugar by the disastalic fennents of 
the pancreas or saliva or plant diastases. Iceland moss contains at 
least 10*92% of lichen acids calculated as cetraric acid, C3yH3o032. 

J. C. D. 

Application o£ the Biochemical Method to the Study 
of Several Species of Indigenous Orchids. Discovery of a 
New Glucoside, Loroglossin. Em. Bourquelot and M. Bridel 
iGo7}ipt, rend.j 1919, 168, 701 — 703). — Using the method 
previously described (A,, 1906, ii, 386), the authors have proved 
the presence in the aerial organ of a number of species of orchids 
of one or more glu cosides hydrolysable by emulsin. From one of 
these orchids, Loroglo^isum hircimnn, Rech., a new glucoside, 
hroglossiriy has been isolated, having m. p. 137*^ (corr.), 
[c]p— 42'97°. It is hydrolysed by warm dilute sulphuric acid, as 
well as by emulsin. In addition, tlie plants contain sucrose and 
a considerable amount of a dextrorotatory substance, which is not 
attacked by ferments. W. G. 

The Flavones of Rhus. G. E. Sands and IT. H. Bartlett 
(Iwer. J. Bot.^ 1918, 5, 112- — 119; from Fh/.nol. Ahsfr., 1919, 3, 
578), — The wood flavone of Rhus typhinn and 7?. glabra is fisetin, 
which is regarded as a]i end-product of metabolism. The distinctive 
leaf flavone of R. glabra and R. copalUna is myricetin, which is 
probably a plastic substance. The authors agree with Perkin’s 
views (T., 1896, 69. 1299 ^ 1303, 1303—1309; 1898, 73. 
1016 — 1019; 1900, 77, 423 — 432) that the flavones of the w-ood 
and of the leaves of Rhvs are different. W. G, 

Chemical Investigations of some Poisonous Plants in 
the Natural Order Solanaceae. III. Occurrence of Nor- 
hyoscyamine in Solandra longiflora. J. M. Petri (Proc. 

linn, Soc., 1917, 41, 815 — 822; from Physiol. Ahstr., 

1919, 3, 581). — The leaves of Solandra longiflora contain alkaloids 
to the extent of 0’17% of the dry weight, the chief one being solan- 
drine, and hyoscyamine is also present. W. G, 
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Toxic Constituents in the Bark oi Robinia pseudacacia, L. 

Buhachiro Tasaki aud Usmo Tanaka (J. ColL Agric. TokyOy 
1918^ 3, 337 — 356). — A new toxic glucoside^ rah it in ^ was isolated 
from the bark of Robinia pseudacacia. The air-dried bark was 
extracted with water, and the filtrate heated for half an hour at 
80 — 90°, after which it was refiltered. The second filtrate was 
concentrated at 40° under reduced pressure to ono-tenth of its 
volume. Impurities were separated by lead acetate, the excess of 
lead was then removed, and the process of concentration repeated. 
A reddish- browui extract was obtained, which was poured into 
absolute alcohol, when a white, fiocculent precipitate was pro- 
duced; this was washed with alcohol and dried in a vacuum. The 
yield was 3% of the dried bark. As thus prepared, robitin is a 
pure white, odourless, somewhat hitter, hygroscopic, a^iorphous 
powder, easily soluble in water and acids, but insoluble in organic 
solvents. It contained 3% of ash. On hydrolysis, it yielded glucose 
and rhamnose. [See ,/. Hov. Chem. IiiiL, 1919, 267a.] J. H. J, 

Copper and Zinc as Antagonistic Agents to the Alkali ” 
Salts in Soil. C. B, Lipmak and W. F. Gericke (Amer. /. Boi., 

1918, 5, 151—170; from RkyswJ. Abstr., 1919, 3, 586).— Pot cul- 
tures of barley were grown on soils containing sodium chloride, 
sulphate, and carbonate in toxic quantities, to which copper in the 
form of its sulphate, chloride, or carbonate, or zinc in the form 
of its chloride or sulphate, was added. It was found that the pres- 
ence of copper or zinc brought about an increased yield. W. G. 

Presence of Acetylmethylcarbinol in Saccharine Sorghum 
Silage. W. G. Friedemann and C. T. Dowell (/. Ind. Enij, Chem., 

1919, 11, 129—130). — ^Saccharine sorghum silage is found to con- 

tain a volatile compound which reduces Fehling's solution and is 
identified as acetylmethylcarbinol ; the latter was previously shown 
to exist in cider vinegar. The fact that acetylmethylcarbinol yields 
acetic acid on oxidation renders untrustworthy the Duclaux method 
for estimating alcohols, since, according to this method, the pro- 
portion of ethyl alcohol is calculated on the basis of the amount of 
acetic acid formed on oxidation. The saccharine sorghum silage 
is the only one in which formic acid has been found, this observa- 
tion being probably connected with the fact that acetylmethylcar- 
binol yields formic acid as one of its products of oxidation. Tn 
none of the other silages examined could the presence of volatile 
reducing compounds be detected. T. H. P. 
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Matter and Light, Attempt at the Synthesis of Chemical 
Dynamics. Jean Perrin {An7t. Physique, [ix], 11, 5— 108).— 
A purely theoretical discussion* in which the author endeavours to 
show that it is possible to develop a coherent theory, which sees 
in light the cause of chemical reactions, and which elucidates and 
correlates varied types of phenomena which at first sight seem quite 
different. According to the theory, dissociation or combination, 
phosphorescence, radioactivity, change of physical state, all obey 
one and the same fundamental law, which is connected with the 
internal structure of the atom. W, G. 

Dispersion of Diamond. L. SiLUKKSTmN {PlnL 1919, 

jvij, 37, 396 — 406). — A mathematical paper in which the concep- 
tion of electrical interaction of atoms is applied to the refractive 
properties of diamond, considered as a known assemblage of fixed 
atomic centres, each containing a single dispersive electron and 
becoming a doublet in the presence of an external electric field. 

J. F. S. 

Regularities of the Second Kind in Line Spectra. J. K. 

Paulson (Zeitsch. wiss. Photochem.y 1918, 18, 202— 208).-^The 
author, following the lead of Kayser, terms regularities between 
the wave-lengths of the various spectrum lines, regularities -of the 
second kind. The present paper is a theoretical discussion of 
these regularities, in which it is shown that the magnetic resolu- 
tion of the lines of a wave-length system does not follow such 
simple laws as that of the series lines. J. F. S. 

Vacuum Arc Spectra of Various Elements in the Extreme 
Ultra-violet. J. 0. McLennan, L. 8. Ainsme, ami D. 8. FuLLEit 
{Proc. Roy. Soc., 1919, [dl], 95, 316 -332. Compare this vol., 
ii, 125).— A vacuum arc spectrograph is described, together with 
the method of operation. The vacuum arc spectra of copper, 
aluminium, zinc, carbon, iron, tin, thallium, lead, nickel, cobalt, 
and cadmium have been measured down to A==1400. The wave- 
lengths are compared in all cases with values obtained by other 
observers, and the intensities and frequencies are included in all 
the tables. In the case of zinc, the lines AA — 2025'5(16), 1821'8(3). 
1589’6(10), 1510'4(1), 1491-5(1), 1486-2(6), 1478-5(2), 1477*6(4), 
1457-9(4), 1457-5(4), 145M{4), 1445‘0(3) were measured. The 
figures in brackets represent the intensities of the lines. For 
aluminium, the lines AA-1989*9(14), 1935-1(4), 1930*4(10), 

1862*8(32), 1854-5(32), 1766*6(4), 1761*9(10), 1724-3(10), 1720*7(8), 
1718-5(4), 1670*6(4), 3611*8(14), and 1605-6(12) were measured. 
In the case of copper, the lines AA 2037*3(6), 2026*2(4), 2001*0(4), 
vou cxvi. ii. 7 
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1979’6(4), 1748'6(4), 1739’7(4), 1721‘8(6), 1708-5(4), 1704'9(2), 
1693-4(4), 1692-5(1), 1686 7(4), 1684-6(2), 1681-7(1), 1679‘1(2), 
1674-6(2), 1671-5(2), 1670-1(2), 1651-9(2), 1642-1(8), 1594*2(8) were 
measured. The thallium arc was produced by placing metallic 
thallium in iron cups attached to iron poles; the li^ measured 
in this case were AM907-8(14), 1891*8(6), 1827-3(27, 1814*2(6), 
1792*2(8), 1660-0(6), 1653-8(6), 1561-8(14), 1559-0(16), 1538-5(5), 
1508-2(4), 1499-8(6), 1491-0(2), and 1478-0(4). With tin, the lines 
AA 2152-5(12), 2041-2(2), 1941-0(1), 1899-8(20), 1831-4(6), 

1811-2(20), 1756-6(16), 1741-3(1), 1699-5(10), 1489-2(6), 

1475-2(15), 1438-3(4), 143J-3(4), 1402-4(4), and 1400-5(4) were 
observed. The lead arc was produced in the same way as that of 
thallium; the lines recorded in this case are 2170'5(8), 2060-5(8), 
1925-8(2), 1913-7(4), 1904-2(2), 1898*7(2), 1895-5(2), 1821*7(14), 
1796*5410), 1744-2(1), 1741-1(2), 1726-2(10), 1682*5(12), 167T6(12), 
1597-6(3), 1555-8(12), 1511-7(4), 1494-7(1), 1492-7(1), 1434-0(5), 
and 143T9. With a carbon arc, the line^ AA 2307-5(2), 2298-0(9), 
2219-0(2), 2088-5(5), 1930-5(15), 1758-1(9), 1749-7(5), 1656-9(10), 

1562-0(9), 1561-2(9), 1560-5(9), 1550-7(2), 1548-5(3), 1482-8(5), 

1464-5(6) were recorded. A cobalt arc gave the lines AA 2138*7(4), 
2099*3(2), 2061-5(5),2026-2(7), 1939-0(2), 1929-5(9), 1912-2(3), 1893*8(4t 
1861-4(10), 1853-0(10), 1819-8(2), 1740-3(1), 1710-9(2), 1669-9(7), 
Mild steel electrodes were nsed for the production of the iron arc ; 
the lines measured are AA 2394*5(5), 2380*2(5), 2360*0(4), 

2346-0(4), 2097-5(2), 2078‘8(4), 2061-5(3), 1926-0(2), 1913-8(4), 

and 1894-3(3). In the case of nickel, forty-one lines lying between 
A 2005'0 and A 1650-1 were measured, but nothing of smaller wave- 
length than this. With the cadmium arc, the lines observed are 
AA 1993-5(1), 1988-0(1), 1966-0(1), 1946-0(1), 1940*0(4), 1932*5(4), 
1894-5(1), 1874-5(1), 1871-0(1), 1855*5(2), 1846-5(4), 1827*0(1), 

1808*0(3), 1790*5(4), 1745-5(2), 1728*0(4), 1711-0(3), 1706*5(2), 

1668-5(10), 1656*5(1), 1647-5(2), and 1526-5(1). Reproductions of 
photographs of the spectrograph and of all the spectra are 
appended to the paper. J. R. S. 

Ultra-violet Li^ht Absorption of Unsaturated Compounds, 

H. Ley [ZeiUch, wm. Photochem., 1918, 18, 177 — 191). — The 
ultra-violet spectra of styrene, OrUiethylstyiene, j^-methylstyrene, 
stilbene, methyistilbene, a-phenyistilbene, cinnamic acid, jS-methyl- 
cinnamic acid, and a-phenylcinnamic acid have been investigated. 
In the case of styrene, a band is found at l/A — 4100 (c— fl’OOl, 
d-^ mm.), and at (c-Q-Ol, (^=2*5 — 7-0 mm.) bands occur at 
1 /A = 3440 and 3550. The introduction of a methyl group in the 
j3 -position displaces the original continuous absorption and the 
band 3440 toward longer wave-lengths, whilst the band 3550 
vanishes. The introduction of a methyl group in the a-position 
brings about at higher concentrations a definite displacement 
toward the ultra-violet, and the absorption between 3400 and 3600 
completely disappears. Stilbene possesses a deep band 1 /A = 3400 
(c= 0*001 and f/ = l — 10 mm.); the introduction of a methyl group 
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into the ethylene group brings about a twofold change in the 
absorption spectrum : (i) a displacement of the continuous absorp- 
tion towards the ultra-violet, and (ii) the bands are displaced in 
the same direction, or, in other words, at the position of maximum 
absorption ^e extinction coefficient is smaller. In the case of the 
derivatives of cinnamic acid, it is shown that )8-inethyl cinnamic acid 
and a-methylstyrene are optically similar, whilst the same also 
applies to cinnamic acid and styrene. J. F. S. 

Absorption Spectra of Acid HsBmatiu, Oxyhaemoglobin, 
and Carbon Monoxide Haemoglobin. A New Haemoglobiu- 
ometer. H. S. Newcomer {/. Biol. Ckera.y 1919, 37, 465— 496 j. — 
Acid hjematin has different spectral characteristics under varying 
conditions as to acid and solvent. The curve for material prepared 
in the manner described is constant and stable, for several days at 
least. The prominent band in the red has its deepest point at 
about 6620 A.U. The Aher two bands in the visible spectrum are 
my shallow. There is a broad, general depression extending from 
Eli 00 to 5900 A.U. which is divided by a very slight rise at 
5480 A.U. The great ultra-violet band of acid hjematiu is broader 
and .shallower than in the case of oxyhaemoglobin, the broadening 
extending it further into the ultra-violet and obliterating the small 
peak at 3680 A.U, which appears in the oxyhsemoglobin curve. 
There is beyond "the peak at 3100 A.U. a shallow but distinct 
band with its centre at 2780 A.U. Beyond 2400 units, the 
absorption becomes very great. The further side of this band did 
not appear within the range of the instrument (2050 units). The 
jS-band of oiyhsemoglobin is seen to be fainter than the o-band, 
bub the difference in depth is slight. The great ultra-violet band 
is much deeper, the ratio of extinction coefficients being about eight, 
Oxyhasmoglobin has two further bands in the ultra-violet, at 3460 
and 2760 A.U., separated by a peak at 3100, somewhat higher 
than the correspon^ng one of acid haematin. The similarity in 
the ultra-violet of the absorption of the two substances would 
seem to indicate that it is due in large part to a radicle common 
to both. Garb oxyhaemoglobin has an absorption similar to that 
of oxyhaemoglobin. In the visible, the bands are nob so sharjf 
and the transmission is not so great, particularly at the peak 
Ijfitweeu the o- and j3-bands. It is the lowness of this peak which 
accounts for the difference in shade between solutions of the two 
compounds. The visible bands of carboxyliremogiobin are 
approximately of the same depth as the i3-band of oxyhaemoglobin; 
they are shifted with respect to those of oxyhaemoglobin toward 
the violet; the great ultra-violet band is much deepened and 
shifted in the contrary direction. In the ultra-violet, the two 
peaks are higher than in the case of oxyhaemoglobin. The height 
of the peak at 3760 units and the depth of the band at 4190 unite 
'horease very markedly with loss of CO from solution. 

The amount of the extinction due to the admixed serum is only 
•I’om one- fourth to one-seventh of the whole. The presence of 

7-*-2 
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plasma cau be neglected in discussing the visible absorption of 
these compounds. The blood in the superficial capillaries of the 
skin would be sufficient in quantity to absorb almost completely all 
the violet and ultra-violet light which might fall on it. 

A ‘‘high transmission yellow’’ semaphore glass has an absorp- 
tion curve which runs smoothly as a mean through the acid 
hsematin curve. 

The hsemoglobin value of this glass has been carefully estimated, 
and by this means a colorimetric method for the determination of 
haemoglobin has been elaborated. A colorimeter of the Buboscq 
type Is used. J. C. D. 

A New Sector Spectrometer. Samuel Judd Lewis (T., 1919, 
115, 312—319). 

Tyndallmeter for the Examination of Disperse Systems. 

Richard G. Tolman and Elmer B. Vlie^ (J , Amtr. Oh'tm. Soc., 
1919, 41, 297 — 300). — An instrument is described for measuring 
the strength of the Tyndall beam in suspensions, colloidal solu- 
tions, smoke, and juists. It consists of a 6 — 8 volt lamp, a con- 
densing lens, and a diaphragm through which the beam of light 
enters the chamber containing the gas or solution. The strength 
of the beam is then determined by a Macbeth illnrainometev which 
has been standardised with either a suspension of finely divided 
silica or an opaque glass. ’ J. F. S. 

Relation between the Intensity of Tyndall Beam and 
Concentration of Suspensions and Smokes. U. C. ‘ihuMAJ?, 
L. H. Rkyerson, E. B. Vliet, R. H. Gerke, and A. P. Brooks 
{J , Amtr. Chern. Soc.^ 1919, 41, 300 — 303. Compare preceding 
abstract). — The strength of the Tyndall beam has been determined 
after passing through silica suspensions and ammonium chloride 
smokes of various coucentrations. H is shown that, in general, for 
liquid suspensions and smokes there is a strict proportionality 
between the concentration and the strength of the beam, provided 
that the concentration does not become high enough to give an 
opacity which affects the results, and that the size of the particles 
remains the same throughout the series of measurements. 

J. F. S. 

Disappearance of Smoke in a Confined Space. 11]C}iard C. 
Tolman, E. B. Vlikt, W. McG. Pierce, and R. H. Dougherty 
(J. A7ntr. Ohem. Soc., 1919, 41, 304—312. Compare preceding 
abstracts), — The gradual disappearance of smokes in confined spaces 
has been investigated. It is shown that a smoke disappears in an 
enclosed space owing to coagulation, to settling, and to the diffusion 
of the particles to the walls, where they adhere. The rate of dis- 
appearance was determined by means of a Tyndalbneter in boxes 
1 cu. m. capacity with smokes of burning aeet-anilide, benzoic acid, 
and resin. The rate of disappearance is markedly increased by 
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stirring the smoke, owing to the fact that it was brought in con- 
tact with the walla, where it adhered. The finer the state of sub- 
division of the smoke particles, the higher the readings on the 
Tyndalhneter owing to the greater reflecting surface of the 
particles. The rate of disappearance of a finely divided smoke of 
a given concentration is greater than that of a coarse smoke of the 
same concentration owing to the increased opportunity for coal- 
escence. In smokes of the same size of particles, the rate of dis- 
appearance increases with the concentration owing to the increased 
chances of coagulation and removal by the walls. Since the in- 
creased concentration and increased subdivision both lead to a 
higher rate of disappearance, it is impossible to raise the optic^al 
density of a smoke beyond a certain point by the introduction of 
more smoke material. j p g 

Rotatory Dispersive Power of Organic Compounds. DC. 
Simple Rotatory Dispersion in the Terpene Series. Thomas 
Martin Lowry and Harold Helling Abeam (T. 1919 115 

300—311). 

Principal Methods for the Determination of the Ionic 
Constitution of Solutions of Electrolytes and the Applica 
tion of these to the Solution of Uranyl Nitrate. liKON Gomez 
{Aval. Qrdm.^ 1919, 17, 24 — 49). — A general discussion of 
the methods adapted to determine the mode of ionisation of an 
electrolyte in solution. With reference to the solution of uranyl 
nitrate, the results of the cryoscopic measurements of Dittrich 
(A., 1899, ii, 629) are examined. It is shown by extrapolation 
that the apparent molecular weight at infinite dilution is almost 
exactly one-third of the real molecular weight, so that an ionisa- 
tion according to the scheme TJ 0 o(N 03 ).> — UO,.” -f 2>NO./ may 
he assumed. With increasing concentration, the ratio of the 
apparent to the real molecular weight approaches the value 2-5. 
H) that even in concentrated solution the salt is ionised to a con- 
siderable extent, possibly in accordance with the e(i nation 
2tJOo(NO,)., : U.C,**” - 4N(h/. 

Ihe values of the degree of dissociation, calculated on the assump- 
tion lhat the salt is a simple ternary electrolyte, are thus un- 
certain. 

Dittrichs measurements of the equivalent conductivity show 
that up to an equivalent dilution of 4096 litres, the values of A 
do not converge to a limit. By forming the difference between each 
value of A and the next succeeding at double the dilution, it is 
shown that the difference decreases until the dilution r = 64 litres 
this point, the difference increases progressively 
throughout the range of dilution considered. This behaviour i^ 
attributed to the progressive ionisation of the salt, accordinof to 
the equations U 0 . 3 (N 0 ,),, rm(NO,)]’ + NO/ and 

[U 03 (NO/]' :r UO/*-i-NO/, 

^^’ith subsequent hydrolysis at dilutions beyond r=64 litres. 
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The transport numbers for the anion were determined at con- 
centrations between 0*0024 and O’ 074 mol. per litre, the fall in 
concentration of XJOg at the anode being measured. Th© curve 
obtained resembles that for a typical ternary electrolyte, and shows 
a minimum at concentration 0‘015 mol. per litre, indicating a 
maximum concentration of [U 02 (N 05 )]\ At concentrations 
beyond 0’07 mol., the transport number approaches unity, the 

metallic” radicle now forming part of the anion. At concen- 
trations lower than O'Ol mol., the presence of is indicated. 

The addition of ammonia to a uranyl solution precipitated the 
compcmnd (NH 4 ) 2 U^ 07 . This indicates the probable presence of 
the anion TJ20/^ in the solution. W. S. M. 

Internally Complex Salts and Conjugated Salts of Alkali 
Metals. II. 1. LirscHirz and (tkoro Beck {Heh\ CJmn, Acta, 
1919, 2, — 143. Compare A., 1914, ii, 512). — In the earlier 

communication, it was shown that the alkali salts of oximino- 
ketones and erythronitroUc acid have much lower electrical con- 
ductivities than the salts of simple acids in methyl -alcoholic or 
acetone solutions. It appeared at first sight that this abnormality 
was connected with the conjugated structure of the salts, which 
is superficially analogous to that of internally complex salts of the. 
heavy metals. In the common cases of conjugated salts, no colour 
change accompanies electrolytic dissociation, and therefore it 
appeared to be of great interest to determine v^iether abnormal 
conductivity, in the above sense, is usual with such salts, as this 
would furnish a means of recognising conjugated structure. As 
far as solutions of the salts in methyl alcohol are concerned, it is 
found that conjugated structure causes no anomalies, which suggests 
that the peculiarities of the oximvuo -ketone salts ref|uire some 
other explanation. 

The molecular conductivities of the sodium or potassium salts 
of the following compounds in methyl alcohol are recorded; hydr- 
iodic, acetic, propionic, butyric, valeric, benzoic, the three nitre- 
beuzoic, benzenes ulphonic, and ;?-phenolsulphonic acids, nitro- 
ethaiie, phenylnitroetbane, o- and p-nitrophenylnitroethanes, 
the three nitropbenols, the five dinitrophenols, dinitroethane, 
phenyldinitromethane, nitrofom, and phenylcyanonitromethane. 
These all show the same high conductivities, varying slightly with 
the nature of the cation, but free from abnormalities. 

J. G. W. 

Electrolytic Conductivity in Non-aqueous Solutions. III. 
Relations between the Conductivity of the Solute and 
several Physical Properties of the Solvent. Henry Jermain 
Maude Creighton (/. FraMin Imt., 1919, 187, 313 — 318). — The 
results obtained in a previous paper (this vol., ii, 44) for the elec- 
trical conductivity of ^tolyl trimethyl ammonium iodide in thirteen 
organic solvents are used in considering the relationship between 
conductivity, viscosity, and association. Th© formula suggested 
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by Jones, Av^7//j? = constant, where Av^ is the equivalent con- 
ductivity of comparable equivalent solutions and r/ and x are the 
coefficient of viscosity and the association factor of the solvent 
respectively, is found to hold approximately at 25° for acetone, 
propaldehyde, propionitrile, nitromethane, epichlorohydrin, benz- 
aldehyde, formic acid, and anisaldehyde, the mean value being 
0-33 and the extremes 0-242 and 0*391. Methyl and ethyl alcohols, 
and especially acetic acid (0-054), give lower values, and benzo- 
nitrile and nitrobenzene higher values. The expression 
which Jones also showed to be constant, haus a mean value for these 
solvents, except formic and acetic acids, of 0*56 at 25°. A com- 
parison of the percentage dissociation of ^^tolylt^inlethy]ammonium 
iodide in the same solvents, at three different dilutions, with the 
dielectric constants (c) of the solvents shows the latter to be only 
one factor in deciding the former; the amount of polymerisation 
of the solvent appears also to be an important factor. This is 
shown in the figures for methyl alcohol (6 = 32-5—34-8, ir = 3'43) 
and nitrobenzene (6 = 33*4—37-4, ,r = 0*93), in which the percentage 
dissociations at a dilution of v = \2S are 79 and 66 respectively. 
Similar variations are found in the figures for propionitrile, benzo- 
nitrile, and epichlorohydrin. B. V. S. 

Calculation of the Chemical Constants of Polyatomic 
Gases. AmjSlib Langev (Zeitsch, Elektrochem., 1919, 25, 25—45). 
— A theoretical •ps-per in which the chemical constants of oxygen, 
nitrogen, nitric oxide, carbon monoxide, carbon dioxide, water, and 
ammonia are calculated for the normal condition, and the follow- 
ing values obtained: nitric oxide, +0*92; oxygen, 1*021— 0-539; 
carbon monoxide, -0-04; nitrogen, -0-05; carbon dioxide! 
— 0 406, water, 1 930; and ammonia, — 2’454, The oxygen 
value was obtained from four different equilibria. The results 
were used to calculate the Einstein function of the specific heat 
Ii, and the values, hydrogen 430, ammonia 67-5, water 30, carbon 
dioxide 7-28, oxygen 0*736, and nitric oxide 0-543 obtained. The 
order of the frequencies is what is to be expected from the physical 
properties of the substances, and can be confirmed, as far as the 
order of the value is concerned, from the moment of inertia of 
these gases, y. S. 

The Critical Temperature as a Single Function of the 
Surface Tension. Maurice Prud'homme (J. Chim.. Pkys., 1918, 
16, 405^ — 410). — The surface tension, y, is connected -with the 
temperature by the two equations y=a-ht and y^^-a^-h^t (com- 
pare A., 1916, ii, 600), which at the critical temperature become 
n.~ht = Q and It is found that, for substances which 

obey the Ebtvos-Ramsay law, = + or ^c=i(^/6 + ^76')- 

This also holds good for liquefied gases^ Amongst substances 
which do not obey the Eotvos-Ramsay law, the organic acids con- 
form fairly closely to the above equation, whilst the alcohols, 
phenols, etc., obey the simple relationship y-a-bt. W. G. 
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Vapour Pressure Regularities. II. W. Hfrz {Zcitsck 
Elektnfchem., 1919, 25, 45 — 46. Compare ibid., 1918, 24, 33S). 
— The auttor has calculated the value of the constant e of the 
Ramsay and Young vapour pressure formula d^ld^~TilT^+ 
('(Oi — Tj) for chlorine, bromine, iodine, oxygen, sulphur, nitrogen, 
phosphorus, arsenic, bismuth, argon, krypton, xenon, copper, silver, 
zinc, cadmium, mercury, tin, and lead, and finds that the value 
is not const.ant in a single case. In the case of the non-metals 
there is an approximation to a constant, hut in the case of the 
metals the divergence is sometimes so great that the sign changes. 
These constants depend in a high degree on the boiling points, and 
it seems likely that the in con stance may he due to inaccuracies 
in the determination of the boiling points. . iT. F, S. 

Thermodynamics and Fractional Distillation. C. Marilleu 

d.s'.soc. fJkim. Siicr. Disl., 1918, 35, 45—51).^ — Chenard's 
assertion that the vapours produced on distilling mixtures of alcohol 
and water tend to separate into layers of different density (A., 
1914, ii, 6‘i3; 1916, ii, 175) is refuted on theoretical and experi- 
mental grounds. Using apparatus similar to Chenard's, and 
guarding against external cooling, the . author found no evidence 
of stratification. J. H. L. 

Formula giving the Density of a Fluid in the Saturated 
State. E. Aries {Compt. rend., 1919, 168, ■ 714— 717). — The 
formula deduced is t/.,)ETcl^Pc, where is the 

volume of the molecular mass of the finid entirely in the state of 
vapour, and r., entirely in the liquid state, these thus giving the 
densities in the two states of saturation. The author has tested 
this formula in the case of carbon dioxide, stannic chloride, methyl 
fonnate, and heptane, and finds that his calculated results agree 
closely with thf)se observed by Young. W. G. 

Reasons for the Movements of Camphor [on Water] and 
Allied Phenomena. J. Geppert {Physikal. Zeitsch., 1919^ 20, 
78 — 83). — A number of experiments arc described showing that 
many substances, such as plienacetin, acetanilide, chloral hydrate, 
sulphonal, menthol, thymol, atropine sulphate, phthalic acid, and 
quinine, exhibit the sune violent movements as camphor docs on 
the surface of clean water. The rate of movement of oily sub- 
stances, such as oleic acid, is also considered. The reasons for the 
movement are attributed to solution of the solid and also of the 
vapour, and the back pressure thereby occasioned. J. F. S. 

Adsorption Compounds. TI. R. Hallkr (Kolloid Eeitsek, 
1919, 24, 56 — 66. Compare A., 1918, ii, 259). — A continuation 
of previous work on adsorption compounds; 0'5 gram of the 
dyes m-nitro-p-toluidine-red, ?M-nitroanisidine-red, 71 -nitro- 
o-anisidine-red , Sudan-G, Sudan-I, p-nitroaniline-red, alizarin- 
yellow G.G.W., fast-orange-0, brilliant orange, chromotrope 2R, 
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ponceau 2G, and />nitrobeuzeneazonaphtholsulphonio acid, dis- 
solved in 50 c.c. of water, were treated with a 1% solution of 
brilliant-green as long as the latter was adsorbed. The adsorption 
products were isolated and characterised, and the colours pro- 
duced when they were used to dye wool and cotton with tannic 
acid were noted. J F S 

Laws of the Capillary RiseJ in Porous Paper. Hass 
Schmidt {Kolloid, ZeiUch., 1919, 24, 49— 5G).— A number of ex- 
periments are described, designed to ascertain the connexion 
between the rise of an acid solution in filter paper and the extent 
to which a drop of the liquid spreads itself when allowed to fall 
on to a sheet of the same paper. Tt is shown that the amount of 
spreading is the same whether the porous paper is horizontal or 
vertical in the case of dilute solutions of hydrochloric acid. 

J. F. S. 

Retardation by Sugars of Difiusion of Acids in Gels. 

John Arthur Wilson {J. A wer. Chem. Soc., 1919, 41, 358—359). 
—A criticism of a paper by Graham and Graham (this vol., ii, 50). 
Compare Procter and Wilson (T., 1916, 109. 307) and J. k. and 
H. W, Wilson (A., 1918, ii, 260). J. F. S. 

Osmosis and Swelling of Disperse Systems. Wo. Ostwald 

and K. Mundler {Kolloid. Zeitsch., 1919 , 24, 7 27).— A 

theoretical paper in which it is shown that the directly measured 
osmotic pressure of disperse systems is made up of two quantities : 
(i) the strict osmotic pressure, and (ii) an additional pressure, 
winch is temned solvation, or swelling pressure. On the basis of 
this idea, a general solvation equation is established, I\-RTe^ + 
li'c.A, in which is the experimentally observed osmotic pressure, 
q IS the osmotic concentration, the swelling concentration, and 
/; and n are constants. With dilute molecular or suspeusoid dis 
persoids, the second factor of the equation ilisappears, and ii 
passes over to the usual gas equation. On the other hand, in con- 
centrated dispersoids, particularly in swelling gels, the osmotic 
concentration is very small, so that the first factor of the equation 
raay be neglected. The expression then, according to 

Posnjak and Freund lich, actually represents the dependence of 
the swelling pressure on the concentration in the case of gelatin 
and caoutchouc. The complete equation is applied to the osmotic 
naeasurements of solutions of sucrose, Isevulose, and lactose of 
Morse, and Berkeley and Hartley, over the range O'LV- 2'O.Y and 
0--8O®, The agreement l)etween the values calculated by the 
formula and the experimental values is excellent. In the case of 
•^uga^ solutions, r/. “2, so that as a first approximation the equation 
b^oines P\,~ETcy ~\ I’r.r, hut the value varies with the nature of 
the sugar and with the temperature. The osmotic ]>ressure of 
concentrated solutions of calciiun ferrocyanide can he repre- 
!^prited by the above equation to within Tn the case of con- 

7 * 



11. 186 


ABSTRACTS OP CHEMICAL PAPERS. 


ceutrated sugar and calcium ferrocyanide solutions, the share of 
the total pressure due to the swelling pressure is very large. It 
increases, for example, with sucrose, with the concentration from 
6% to 63% of the total pressure, and in the case of calcium ferro- 
cyanide to 71%. It is also shown that the osmotic pressure of the 
hydrosols of iron, thorium hydroxide, and copper ferrocyanide 
follows the reduced solvation formula and also the swelling formula 
of Posnjak and Freundlich, a confirmation of the view that the 
taking up of water by such dispersoids is t-o be regarded more as 
the swelling of a liquid colloid than a simple osmotic process. 
The solvation formula does not hold for those systems in which 
internal changes in the state of aggregation occur with changes 
in concentration. The value of n lies always between 1’5 and 4-0, 
but most often it is found between 2 and 3. J. F. S. 

Theory of Solubility. Albert Colsox (CompL rewd., 1919, 
168 , 681 — 684. Compare A., 1916, ii, 475). —A theoretical dis- 
cussion of certain points arising out of his formula 

expressing all the particularities of solubility, where L is the heat 
of saturation, e is the contraction of the final system, F is the 
volume of the solvent which saturates the dissolved molecule, € 
is the concentration or weight of anhydrous salt in 100 grams of 
a solution saturated at W. G. 

♦ 

Electrical Synthesis of Colloids. The. Svedberg [Kolloid. 
ZeiUch., 1919, 24 , 1-— 7), — Three processes are described by which 
highly disperse metal colloids may be produced. The author 
prefers to call these processes electrothermal colloid syntheses. A 
thin sheet of gold or silver is attached by gum arabic to a plate of 
glass which is immersed in ethyl alcohol. Two iron wires, attached 
to a 440-volb circuit and arranged to carry 10 amperes, are inserted 
in the liquid and brought into contact with the metal foil. 
Immediately, the metal round the iron poles is vaporised, and on 
condensation in the alcohol produces al co-sols. In the second 
process, narrow strips of gold, silver, zinc, and tin foil are attached 
to glass plates in the above-mentioned manner. The ends of the 
strips are thickened by a somewhat thicker piece of copper. Two 
iron wires, as before, are brought into contact with the copper, 
when the strip of foil between is entirely converted into the sol. 
In the third method, thin wires or strips of platinum, copper, lead, 
zinc, and aluminium are fastened to two thick iron wires immersed 
in alcohol, and a current passed, when the sols of these metals are 
produced. The process consists in the melting of the metal, which 
forms a number of small globules by capillary forces, and between 
which a number of small arcs are set up. This vaporises the 
metal, which condenses in the cooler regions to form highly dis- 
perse sols. The production of the sol depends more on the current 
strength than on the voltage employed. .T. F. S- 
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Coloi^S Of Colloids. IL Wilder I). Bancrox^i (J, Physical 
Chem., 1919, 23 , 1 — 35. Compare A., 1918, ii, 102). — A con- 
tinuati^ of the discussion commenced in a previous paper (loc 
cit.). The various colour effects produced by reflection and re^ac^ 
tion of light are particularly considered in this communication. 

J. F. S. 

of Indicators. II. Wolfgang Ostwald 
[Kollotd. ZetUch,^ 1919, 24 , 67 — 69. Compare A., 1912, ii, 439) 
—In a previous paper the author advanced the ’view thk the 
colour change of indicators in many cases is a colloidal or disperse 
chemical process. The present paper is a resume of the results 
of expenments on congo-rubin, which tend to substantiate the 
authors view. In aqueous solution, congo-rubin (sodium salt of 

benzidinebisazo-^-naphtholsulphonaphthionic acid) is a highly 
disperse system, intermediate between that of a typical colloid and 
a molecular disperse system. It is negatively charged and has a 
red colour, which is changed to blue by the addition of acids. 
This change is also brought about by the addition of a large 
number (seventy-five) of neutral salts, by alkaline salts, such as 
scdium carbonate, and by bases like barium hydroxide. On 
dilution, the blue solutions again become red; elevation of tempera- 
ture, or the addition of alcohol, acetone, or pyridine, brings about 
the same reversal of colour change. By a further addition of an 
electrolyte to the blue solution, a precipitation of the colour sub- 
stance is effected. The precipitate, on washing with water, passes 
into solution as a blue to violet hydrosol. It is 'itated that the 
blue solutions are less highly disperse than the red solutions and 
on keeping a solution which has just turned blue, a slight pre- 
cipitation occurs, which leaves a red solution. This solution may 
he turned blue by further addition of electrolyte. The red solu- 
tions contein a still more highly disperse orange-coloured fraction. 

J. F. S. 


Oscillation Method for Measuring the Size of Ultra- 
microscopic Particles. P. V. Wells and It. II Gkrke ij 
hner Chem. Soc., 1919, 41, 312-329).— The diameter of the 
particles of gaseous dispersoids (in smoke) has been determined by 
an oscillation method. A quantity of the smoke is brought into 
the held of an ultra microscope which lies in a rapidly alternating 
electrostatic field, and the path of the particles photographed. In 
this way the actual oecillations are obtained, and a measurement 
of the amplitude gives the distance travelled by the particle 
between two reversals of the current. Then, by Stokes’s law, the 
motion of a particle in an electrostatic field is given by Xe^^rndv, 
where Y is the field in volts per cm., 6 the electronic charge (that 
IS. 1*59x10-20), d the diameter in cm., ^ the viscosity of the 
mediuin, and v the velocity. It is shown that the diameter varies 
J’om j X 10-0 to 10-^, and that the particles rapidly coalesce. 

J. F. S. 
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Chemical Resistance. II, Applications of the Theory of 
Quanta to Chemical Dynamics. Shinkichi Horiba {Mem. 
Coll. 'Sci. Kyoto hii'p. Univ., 1918, 3, 223 — 234. Compare A., 
1916, ii, 305), — A matliematical paper iu which, hy an applica- 
tion of the theory of quanta, and on the hypothesis i The react- 
ing substances can only react when they are present in a certain 
elemental sphere of a reaction in a stoicheiometrical relation by 
their own kinetic energy, but the reaction will begin only when 
they are transformed into an active form by absorbing some energy 
from the surrounding medium," calculations of chemical resistance 
have been carried out. On this hypothesis of the mechanism of a 
chemical reaction, chemical resistance can easily be separated into 
two terms: (1) a term inversely proportional to the probability 
that the molecules of the reacting substances encounter in a 
stoicheiometrical relation in an elemental sphere hy their own 
Icinetic energy, and (2) a term proportional to the probability of 
the energy transport to reacting molecules from their surrounding 
medinm. J. F, S, 

Crystal Gratings Tand|'Bohr’s'¥ Atom Model. M. Born and 

A. Lande (Ber. dent, yhydhd. Gts., 1918, 20, 202— 209).— A 
mathematical paper in which the radius and number of electrons 
situated in the various rings of the metals of the alkalis and of 
the halogens are calculated. The elastic compressibility of the 
alkali haloids is calculated, and values obtained are about twice 
as large as the experimentally determined values. The absolute 
dimensions of the grating constant, 5, have been calculated, and the 
values indicate that the substances are twice as soft as the theory 
demands. J. F. S. 

Calculation of the Compressibility of Regular Crystals 
from the Theory of the Grating. M. Born and A. Landk 
{Her. dent, 'phy.dhd. Ges., 1918, 20, 210 — 216. Compare Re- 
ceding abstract), — The compressibility of the chloride, bromide, 
and iodide of sodium, potassium, and thallium has been calculated 
by means of the fonmila ,r = 4‘26 x on the basis 

that 71 = 9 and not 5, as was taken to be the ease in the previous 
paper. The value of n has been calculated from the observed 
compressibilities, and a mean value 8*76 obtained. Using the 
value 9, a good agreement is found between the calculated and 
experimental values. In the case of calcium fluoride, to which 
the- calculations were extended, a; = l‘10 x 10~^2^ whilst the experi- 
mental value is 1*16 x J, F. S. 

The Cubic Atom Model. M. Born {Ber. dent, physikal. 

1918, 20, 230 — 239). — The author, from a survey of the proja n 
ties of the halogen derivatives of the alkalis, considers the cubic 
atom model is well founded, and whilst holding to the principles 
set down hy Bohr, considers the matter mathematically with the 
object of bringing certain abnormalities into line with the general 
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theory. The question of the tetrahedral carbon atom is also coiv 
sidered. J- S. 

Calculations of Ionic Charges in Crystals. J. VVimmek 
(^ehysikd. Zeitsch., 1919, 20, 92 — 93). — A theoretical paper in 
which it is shown that the ionic charges of diatomic crystals or 
crystals which can be regarded as made up of two equivalent 
atomic groups, and for which the grating structure is known, can 
be calculated by means of the formula - (6^i -r Gg)/ V in 
which V represents the valency, z the number of electrons, and 
(J^ and G<^ the atomic or molecular weights of the atoms or groups 
composing the molecule. The charges have Ijeen calculated for 
the crystals potassium chloride, sodium chloride, calcium fluoride, 
silica, calcium carbonate, potassium bromide, potassium iodide, 
sodium fluoride, lithium fluoride, and zinc sulphide. In the case 
of the first-named five substances, the value of the Drude constant 
k has been calculat-ed. J. h’. S. 

The Theory of Duplex Affinity. Samuel Henuv Clifkohij 
IIIMOOS (T., 1919, 115, 278—291). 

Laboratory Apparatus for Rapid Evaporation. K. C. 

MfciJiRiLL and Clark Olin Ewixg (- 7. /«//. Kng. Chem.., 1919, 
11, 230). — Rapid evaporation of liquids is effected by passing a 
blast of heated air across the basins on the steam-bath. The air 
is forced through a brass cylinder containing cotton wool to act 
as a filter, and then through a copper coil, which is heated in the 
batli, and the outlet of which is connected witli a series of blowers. 
Eacb of these is provided with a glass tap, and its height above 
(lie basin can be adjusted as desired. [See, further, ./. tSoc. Che7ii. 
buf., 1919, 268a.] C. a. M. 

Theobald van Hogelande. F. M. .Jaeger (Cheni. Weckblad, 
1919, 16, 179 — 180), — The work 'Merces Alchiniistarum,'' Frank- 
iiirtram-Mayn, 1610, attributed to Theobald van Hogelande (A., 
1918, ii, 437), is shown to he a reprint of a German translation of 
liis ‘ De Alchimije Difiionltatibus.'’ Frankfurt, 1600. 

W. S. M. 
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An Unusual Sulphur Crystal. F. Russell Bichowsky {J. 
Washington Acad. Sd., 1919, 9 , 126— 131),— A crystallographic 
description is given of a well-developed crystal, D 2‘01, of sulphur 
which was obtained accidentally by adding a hot alcoholic solution 
of ammonium polysulphide to a mixture of beiizonitrile, hydroxyl* 
(inline hydrochloride, and ether. Ij* J* S. 
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Tiie Behaviour ot Sulphur towards Carbonaceous Matter 
at High Temperatures. J. P. Wibaut [Bee. trav. chim., 1919, 
38 , 159 — 162). — When sugar, or the carbon obtained by charring 
it, or wood charcoal, is mixed with sulphur and the mixture heated 
ill a closed crucible to a bright red incandescence, in each case a 
product is obtained which, after extraction first with carbon 
disulphide and then ^vith ether, is found to contain sulphur to the 
extent of from 3 — 6%. Whether this sulphur is chemically com- 
bined or only absorbed is not decided. W. G. 

Tellurium Sulphide. Aakon M. Haokman [J. Amer. Chem. 
jShc., 1919, 41 , 329 — 341). — The introduction of hydrogen sulphide 
into an aqueous solution of tellurous acid at ordinary temperatures 
or below causes the immediate production of a reddishrhrown pre- 
cipitate, which is represented by the formula TeSg. The produc- 
tion of this compound is independent of the acid concentration. 
At temperatures below -20°, tellurium sulphide is a stable com- 
pound, but at temperatures above - 20®, dissociation takes place. 
At temperatures near —20° this dissociation is slow, whilst at 
higher temperatures dissociation takes place more rapidly. The 
degree of dissociation at any time or temperature may be deter- 
mined by the amount of sulphur which can he extracted by carbon 
disulphide. Dissociation never continues to completion. The dis- 
sociated mass extracted with carbon disulphide always retains at 
least 0‘95% sulphur. This sulphur does not exist as a sulphide of 
tellurium which is decomposed by hydrochloric or hydrobromic 
acid of any strength, nor does it exist as a variety of sulphur in- 
soluble in carbon disulphide. The compound TeS, often described, 
has no existence. The production of TeSg is independent of the 
medium in which the reaction is effected, for the action of hydrogen 
sulphide on solutions of tellurium tetrachloride in a large number 
of organic solvents gave exactly the same product. The dissocia- 
tion and stability of tellurium sulphide is solely a question of 
temperature. Tellurium tetrachloride is found to be soluble in 
benzene, toluene, methyl alcohol, ethyl alcohol, w-butyl alcohol, 
amyl alcohol, benzyl alcohol, xylene, chloroform, and ethyl acetate, 
sparingly so in light petroleum, benzaldehyde, acetone, i-sopropyl 
bromide, and carbon tetracbloride, and insoluble in carbon 
disulphide. J. F- S. 

Formation of Ammonia at High Temperatures. E. Briner 
(Uelv. Chim. Acta, 1919, 2, 162 — 166. Compare this voh, ii, 148). 
— A discussion of Maxted’s recent work (T., 1918, 113, 168, 386). 
In the first place, it is shown that the 2^ terms in Maxted’s two 
formulse have merely a corrective influence, and consequently they 
cannot be very significant in regions of temperature in which they 
have not been tested experimentally. This explains the great 
divergences between the values of K obtained from the two 
formulae; at 1000° abs., up to which point both formulae have 
been tested by experiment, there is agreement; at 2000°, the first 
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foniiuia gives a value for E which is three times that derived 
from the second; at 3000°, the ratio is 10 to 1, and at 4000°, 100 
to 1. Furthermore, assuming that at high temperatures the reac- 
tion is of the same nature as at lower temperatures, namely, one 
between molecules of nitrogen and hydrogen, these gases should 
unite completely at about 6000°, according to the first formula, 
and, in general, a gaseous mixture should become more and more 
complex with rise of temperature. This is contrary to the con- 
clusions obtained by spectroscopic investigations, which clearly 
prove the elementary nature of the substances present in the 
hottest stars. / ^ 

Such difficulties disappear if account is taken 6f the dissociation 
of the molecules into atoms (compare A., 1916;;' ii, 215), Accord- 
ing to r^ent investigations, gases like hydrogen contain appreciable 
proportions of free atoms at much lower temperatures than was 
at one time supposed. The extra production of ammonia at high 
temperatures may be explained, therefore, by the greater kinexlc 
energy of the free atoms of nitrogen and hydrogen. J. C.iW, 

Potassium Ammonosodiate, Potassiiim Ammonolithiate, 
Rubidium Ammonosodiate, and Ammonolithiate. Edward 
C. Franklin {J. Physical Chem., 1919, 23, 36— 53).- -A number 
of reactions between metallic amides in ammonia solution have 
been carried out, and as a result several ammouo-salts have been 
isolated and characterised. These salts stand in the same relation- 
ship to ammonia as do the zincates, aiuminates, and plumbites to 
water. A very complete list of the am mono-salts hitherto pre- 
pared is given, Dipotassiiivi ammonosodiate, ,NaNKi,,2NH3 or 
NaNH2,2KNH2 or (Na[NH2]3)K2j prepared (i) by the action 
of potassamide on sodamide in liquid ammonia solution, (ii) by 
the action of sodium iodide on an excess of potassamide in liquid 
ammonia, and (iii) by the action of sodium on potassamide in 
liquid ammonia in the presence of a small quantity of platinum 
black. This compound crystallises well, and does not lose 
ammonia at 100° ill a vacuum; at higher temperatures it melts, 
loses ammonia, and attacks the containing glass vessel. Mono- 
mhidiivm ammonosodiate, NaNHRb,NH3 NaNHo,RbNH., or 

(Na[NH2]2)Rb, is formed by the action of sodium and rubidium 
simultaneously on liquid ammonia. This compound is readily 
soluble in liquid ammonia, and is violently decomposed by water 
with the formation of the hydroxides of the metals. Diruhidium 
ammonosodiate, NaNRbo,2NH3 or NaNH.-,,2RbNH, or 
^ (Na[NH2]3)Rb2, ^ 

IS formed from the mother liquors of the previous compound by 
the addition of a large excess of rubidaniide. This compound is 
considerably more soluble than the preceding compound in liquid 
ammonia. Dipota-ssium ammonolithiate, LiNK2,2NH3 or 
LiNH2,2KNHo or (Li[NH2]3)Ko, is prepared by the action of 
potassamide on lithium iodide in liquid ammonia solution, and also 
by the action of lithium and potassium simultaneously on liquid 
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aJMinonia in the presence of platinum Hack. The salt forms 
minute, colourless crystals, which are practically insoluble in liquid 
ammonia. It is decomposed by acid amides and ammonium salts 
of oxygen and halogen acids (that is, by ammono-acids), with the 
formation of the corresponding salts of lithium, potassium, and 
ammonium. Monori(hidium ammonoUthiate, LiKHRhjNHg or 
LiNH 2 ,RbNH 2 or (Li[NHo] 2 )Rb, is prepared by the action of an 
excess of a solution of ruhidamide in ammonia on metallic lithium 
in the presence of platinum black. A white, crystalline compound 
is obtained, which is sparingly soluble in liquid ammonia. It is 
decomposed by ammono-acids and by water, as in the preceding 
case. Attempts were made to separate ruhidamide from potass- 
amide by crystallisation from liquid ammonia, but without success, 
for these two substances form isomorphous inixtures which are 
relatively richer in ruhidamide than the solution from which they 
separate. T. F. S. 

Thermal Decomposition of certain Inorganic Trinitrides . 

K. Moles (7. Chiw.. 1918, 16 , 401—404. Compare ihid.^ 

1917, 15 , 51). — A claim for priority over Hitch (compare A., 

1918, ii, 398). W. G. 

Method of Treating Beryl for the Extraction of Glucinum. 

IT. CopAux {Comyt. rend,, 1919, 168 , 610 — 612).— One part of 
powdered beryl is heated with two parts of sodium silicofluoride 
at 850° for thirty to forty minutes. At this temperature, the 
sodium silicofluoride decomposes, giving silicon fluoride, which 
attacks the beryl, giving glucinum fluoride and aluminium fluoride, 
which in turn combine with the sodium fluoride to give the corre- 
sponding double fluorides. The material is extracted with boiling 
w-ater, in which the sodium glucinum fluoride dissolves, and the ex- 
tract, after filtration, contains practically the whole of the glucinum 
in this form along with a little alumina and silica. A slight excess 
of boiling sodium hydroxide solution is added to the filtrate, and 
the precipitated oxides are collected and redissolved in sulphuric 
acid. The solution is concentrated, and the glucinum sulphate is 
allowed to crystallise out. By this method, 90% of the glucinum 
jmesent in the mineral may be readily recovered. 

On this process is based a method for the estimation of glucinum 
in beryl, using four parts of sodium silicofluoride to one part of 
beryl. The precipitation with sodium hydroxide is omitted, and 
an aliquot portion of the filtered aqueous extract is evaporated 
with an excess of sulphuric acid in a platinum dish until white 
fumes appear. The residue is dissolved in water, and an 
excess of ammonium hydroxide is added. The precipitate is 
filtered off, washed, dried, ignited, and weighed. Any silica in it 
is removed by means of hydrofluoric acid, and the aluminium and 
glucinum oxides are separated by Wiinder and Weger’s method 
(compare A.. 1912, ii, 687). W. G, 
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Reaction between Sodium Chloride* Solution and Metallic 
Magnesium. William Hughes (T., 1919, 115, 272 — 277). 

The Hammer-hardening *of Lead, Tin and Thallium. 

Paul Nicolaruot {Com'pt, rend., 1919, 168, 558 — 560). — Lead, 
thallium, and tin all undergo hammer-hardening, but they anneal 
spontaneously at the ordinary temperature, the rate of annealing 
rising with rise in temperature. W. G. 

The Extraction of Thallium from Pyrites Flue Dust. 

George Sisson and J. S. Edmondson (J. Soc. Ghem. Ind., 1919, 
38, 70t). — The dust collected from the flues situated between the 
pyrites kilns and the Glover tower of a sulphuric acid plant was 
found to contain O' 25% of thallium, representing about one part 
of thallium per million of pyrites burnt. The thallium was isolated 
by extracting the dust with dilute sulphuric acid and precipitating 
with hydrochloric acid. The crude thallium chloride was purified, 
dried, and reduced to metal by fusion with potassium cyanide and 
sodium carbonate, or, alternatively, with zinc. E. H. R. 

Chemistry oi Aluminium and Aluminium Alloys. John 
G. A. Rhodin (Trans. Faraday Soc.i 1919, 14, 134 — 149). — Ex- 
periments dealing with the working up of scrap aluminium are 
described. The specific gravity of aluminium containing various 
quantities of an equal mixture of copper and zinc has been deter- 
mined, and it is shown that the density curve rises rapidly, but 
with decreasing rate, to 90% aluminium; between 90% and 80% 
aluminium, the curve is a slowly. rising straight line which has an 
inflexion point somewhere about 76%. Aluminium is stated to 
dissolve alumina, and a method is devised for the estimation of the 
metallic aluminium apart from the alumina. A quantity of an 
aluminium alloy (2 grams) is placed in a tall beaker with 60 c.c. 
of 10 % sodium hydroxide solution and heated on a sand-bath until 
the reaction becomes violent, after an induction period, when it 
is removed and cooled. The reaction is then completed by further 
heating on the sand-bath. The black residue is collected and 
dissolved in nitric acid (D 1‘2). The two solutions thus obtained 
are analysed according to well-known methods. Comparison of 
the analytical results with the composition deduced from the 
specific gravity of the alloy showed a remarkably good agreement. 
By heating pure aluminium powder in air until the increase in 
weight corresponds with the formation of a compound Al^O, a 
light grey, non-metallic powder is obtained. Boiling this powder 
with 10 % sodium hydroxide dissolves a portion of it and leaves 
insoluble a light grey oxide, AI 3 O 4 . A number of determinations 
of the specific heat of aluminium alloys of copper and zinc^ are 
given. The following values were obtained: 98*6% aluminium, 
0'2081; 90% aluminium, 10 % copper, and 10 % zinc, 0*1918; 80% 
aluminium, 20% zinc, 0*1844. 

Tn the discussion on the paper, Claude T. J. Vautin staled 
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that he had isolated the oxide AUO, a compound which produced 
a brilliant light under air oxidation. J. F. S. 

The Formation of Troostite at Low Temperature in 
Carbon Steels and the Influence of the Temperature of 
Emersion in Interrupted Tempering. A. Portevin and Garvin 

(pom'pt. rend., 1919, 168, 731 — 733). — With velocities of temper- 
ing considerably higher than the critical velocities, by interrupt- 
ing the tempering, very marked reheating may be observed, at 
temperatures down to 450“^, and troostite is formed. The troostite 
is formed directly and immediately from the solid solution y-iron- 
carbon at temperatures much lower than those at which it is 
formed by continuous tempering. With a velocity of tempering 
near to that of the critical velocity, it was possible to observe the 
formation of troostite at even lower temperatures (380°). If the 
velocity is inferior to the critical velocity, the reheating being pro- 
duced at high temperatures during the period of rapid cooling, 
troostite is always obtained, and the temperature of emersion 
does not appreciably affect the structure and the hardness. With 
rapid tempering, it is possible, without appreciably altering the 
hardness, to stop the tempering at temperatures in the neighbour- 
hood of 350°. ^ W. G. 

Structure of Irou-Carbou-Chromium Alloys. Takejiro 
Murakami {Sci. Rep. TohoJcu Imp. Univ., 1918, 7, 217—276). — 
An investigation of the structure of 115 chromium-iron, chromium- 
carbon, and iron-carbon-chromium alloys. The influence of 
chromium on the magnetic critical point from was investi- 
gated, and it was found that it decreases at first slowly and then 
rapidly as the chromium content increases. 

In the annealed alloys, the chromium carbide present is Cr^C. 
At high temperatures, this decomposes into CrgC^ and chromium. 
Three double carbides of iron and chromium were detected, namely, 
Fe 3 C,Cr 4 C, (Pe 3 C)g,Cr^C, and (Fe 3 C)]g,Cr 4 C. A portion of a 
thermal equilibrium diagram for the ternary system was drawn 
up. The binary system iron-chromium is a continuous series of 
solid solutions with a minimum about 70% of chromium. In the 
solid state, a certain undetermined solubility of the carbide Cr 4 C 
in chromium occurs. Cr^C and the double carbide (Fe 3 C) 9 ,Cr 4 C 
form an uninterrupted series of solid solutions. The euted-ic in 
the Cr^C-Cr series occurs at about 1’8%. [See, further, J. Soc. 
Chem. Ind., 1919, 257a.] F. C. Th. 

The Reduction of Tungstic Oxide. C. W. Davis (J. J'lid. 
Eng. Chem., 1919, 11, 201 — 204). — To obtain a satisfactory reduc- 
tion of tungstic oxide to metallic tungsten, the material must be 
freed from water, which is best effected by a current of air at 
about 500°. On reducing the dried oxide with carbon, a blue or 
purple oxide is produced at 650° to 850°, a chocolate-brown mix- 
ture of oxides at 900° to 1050°, and metallic tungsten above 1050°. 
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The proportion of carbon required for the reduction ranges from 
1:10 to 1'6;10, according to the temperature, time, and other 
conditions. Excess of carbon can be removed to a considerable 
extent by washing the product with water. When hydrogen is 
used as the reducing agent, the mixture of brown oxides is formed 
at 800*^ to 900'^, whilst at 1080° a pure tungsten deposit (for 
example, 99-4%) is obtained. Reduction with gasoline vapour 
yields a product containing about 98% of tungsten with a con- 
siderable amount of carbon. [See, farther, J. Soe,. Chem. Irvd., 
1919, 260a.] C. a. M. 

The Partial Purification of Zirconium Oxide. A. J. 

Phillips (J. Amer. Ceram, Soc., 1918, 1, 791— 800).— Zirconia 
may be freed from iron oxide by mixing it with 4% of finely ground 
petroleum coke, making the mixture into balls, and heating them 
at 900° in a vertical cylindrical furnace (heated externally) 
through which a current of moist chlorine is passed. The reversible 
reaction FeCls ^ FeCl 2 -rCl constantly tends to form an equil- 
ibrium, which leaves some of the iron in the zirconia. If the rate 
of passage of the chlorine is increased beyond the requisite chlorine 
tension, chlorine is absorbed until the tension is reduced. With 
insufficient chlorine, the ferrous chloride is reduced. The water 
vapour present serves to produce hydrogen chloride, in which the 
ferrous chloride is readily volatile, whilst the zirconia is not 
affected. Hydrogen chloride without any free chlorine does not 
reduce the iron oxide below 0*5%, If the zirconia is heated by 
passing hot gases through it, the action of the chlorine is irregular 
and inefficient. Various methods of purification by fusing the 
zirconia with various salts proved unsatisfactory as far as the 
removal of the iron was concerned. [See J. Soc. Chem. Ind. 1919, 

A.B. S. 


Mineralogical Chemistry. 


Pyromorphite Group. M. Amadoki {OazzHiu, 1919, 49 , i, 
38 — 102). -A summary and discussion of previous papers (A., 
1913, ii, 216; 1915, ii, 358; 1918, ii, 365). T. H. P. 

Non-identity of the Copper Silicates, Plancheite and 
Shattuckite . Waldkmar T. Schaller {/. Washingtoji Acad. Sci., 
1919, 9, 131 — 134). — A reply to F. Zambonini (A., 1918, ii, 170). 
Although his new analysis of plancheite from the French Congo 
lead^ to nearly the same formula, 6CuO,5SiO2,2H20, as that for 
shattuckite (2Cu0,2Si02,H20) from Arizona, the difference in the 
refractive indices is sufficient to prove that the two minerals are 
distinct. The highest value for plancheite (a= 1*645, -y — 1*715) 
is less than the lowest value for shattuckite (a = 1*752, 

L, J, s. 
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A New Indicator for Bases and] Acids. Marc Ciiauvikrke 
{iSull. Soc. cAm., 1919, [iv], 25, 118 — 119). — The reagent is pre- 
pared by boiling red beetroot ^vith 'water and filtering the extract. 
It is a violet-red, opalescent solution, which is turned deep yellow 
with alkalis and retains its colour with acids. It is sensitive to 
both weak and strong inorganic and organic acids. Its colour is 
restored by sulphuric acid diluted to 1 in 10,000. Test papers 
cannot be prepared from it, as it does not fix on paper. W. G. 

End-point in Oxidation Titrations determined by means 
of the Potentiometer. I. M. Kolthoff (Own. WeeMlad, 1919, 
16, 408 — 416). — When a reducing agent is titrated by means of 
an oxidising agent, the potential difference between the solution 
and an irreversible electrode iramersed in it, measured against a 
normal electrode, varies in value during the titration, and in the 
neighbourhood of the end-point undergoes a rapid change. 
Expressions are deduced for the E.M.F. at the end-point and for 
the equilibrium constant of the reaction in terms of the normal 
potentials of the oxidising and the reducing agents. With the 
help of these, the sharpness of the end-point is discussed in relation 
to the magnitude of the equilibrium constant. W. S. M. 

Arsenious Oxide as^a Standard'JSubstaiice in lodometry. 

Robert M. Chapin (J. Amer. Vhem, Soc., 1919, 41, 351 — 358). 

' -Using weight burettes, solutions of highly purified arsenious 
oxide have been tested as to their trustworthiness as standards in 
place of iodine solutions. In six titrations of pure arsenious oxide 
against pure iodine, very precise results were obtained, the average 
of which agreed to within 1 in !1G0() of the theoretical value. It 
is shown that arsenious oxide is a more trustworthy standard than 
iodine for volumetric work. Arsenious oxide is non hygroscopic, 
and is permanent in both the solid state and in solution. The 
precautions necessary in the use of both arsenious oxide and iodine 
are discussed. J- E- S. 

An Automatic Burette. George J. Hough (/. Ind, Enri. 

1919, 11, 929).— The base of the burette consists of a glass 
tube with an outer jacket, which is passed through an opening in 
a rubber stopper made to fit into the mouth of the solutiou bottle. 
At the side of the jacket is a tube, to which can be attached a 
rubber pressure bulb, and it also has a side- tube intended to be 
closed with the finger when air is blown into the bottle. To 
cHpialise the pressure, a small hole is provided in the jacket above 
the level of the liquid in the bottle. When filled, the burette is 
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closed by a tap at the base, and the solution is drawn off through 
a side-tubulure ending in a tap. C. A. M, 

Chlorine Absorption and Chlorination of Water. Abkl 
WoLMAN and Linn H. Enslov.^ (/. Ind . Eng , Ghem., 1919, 11, 
209 — 213). — A series of experiments on different waters to deter- 
mine the velocity of absorption of available chlorine by the same 
water during varying intervals of time has shown that the velocity 
constant, K (K ~l j t 2 — .log N^), decreases, as a rule, with 
the time of contact. In the case of water containing little organic 
matter, however, it tends to become constant for different time 
intervals. The use of colour readings as an index of chlorine 
absorption is only trustworthy under known conditions with a 
oiven water, and the same conclusion applies to the measurement 
of the turbidity. The chlorine absorption does not increase in 
direct proportion with the increase in pollution (as measured by 
oxygen absorption), but shows a decreasing acceleration. The 
experiments cited appear to indicate that a thirty-minute absorp- 
tion plus a high factor of safety is unnecessary, and that the ad di- 
lion of a small constant factor to the result, obtained by five 
minutes’ absorption, would be as effective for the routine control 
of chlorination as the use of a longer time interval. jSee also 
./. Soc. Chem. Inrl., 1919, 267a.] C. A. M. 

Estimation of Halogens in Organic Compounds. I). 

VoRLANDBR {Bcr., 1919, 52, 308). — The Carius method is unneces- 
sary. except, perhaps, for very volatile substances. The author 
uses a modification of Baubigny and Chavanne’s process (A., 1903, 
ii, 510; 1904, ii, 203). In the absence of iodine, the substance 
(about 0’4 gram) is digested with a mixture of mercurous or 
mercuric nitrate (1 gram), potassium dichromate (6 — 8 grams), and 
pure sulphuric acid (40 c.c.) at 130—140°, and the halogen evolved 
is trapped by a sulphite solution and estimated by Volhard’s 
method. If iodine is present, silver nitrate must be used, when 
iodic acid is formed. 

[For sketch of orijrinal ariparatus, see J. Bor. Chew, Jnd., 1904, 

136.] J. C. AV. 

Apparatus for the Automatic Estimation of Small 
Amounts of Oxygen in Combustible Gas Mixtures or of 
Combustible Gases in Air. H. C. Greenwood and A. T. S. 
ZfiALLEY (.7. Soc. Chew.. Ind ,,, 1919, 38, 87 — 90t). — The apparatus 
is designed for the purpose of detecting 0*1% or more of oxygen in 
gas mixtures, and of giving a continuous indication, not neces- 
sarily recorded, which will show at any moment the actual con- 
centration, The principle involved is that of the combustion of 
the oxygen or other impurity by means of an intennittently heated 
platinum wire ; automatic arrangements are provided for making 
and breaking the required electrical contacts, sealing up the com- 
bustion vessel during the heating period, cooling the gas, and 
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measuring the resulting contraction, ringing an electric bell at a 
specified oxygen concentration, and flushing out the spent gas by 
a new charge. A diagram is given of the apparatus, and the 
original paper should be consulted for details regarding its 
operation. W. P. S. 

Reagent for, and Method of Estimating, Ozone. Louis 

Benoist (Gnnvpt. rend., 1919, 168, 612 — 615). — Fluorescein is a 
very sensitive reagent for the detection of ozone. At a dilution 
of 1 in 1,000,000, its solution loses its fluorescence in the presence 
of a trace of ozone, and is decolorised. At a dilution of 1 in 1000, 
it loses its fluorescence, but the solution remains yellow in colour. 
This phenomenon is not produced by oxygen, and it requires an 
enormous excess of nitrous vapours to destroy the fluorescence. 
Similarly, chlorine, even if present to the extent of three times the 
weight of fluorescein, and ciirhon dioxide, if ])resent to the extent 
of twenty times the weight of fluorescein, do not destroy the 
fluorescence of a solution of fluorescein diluted to 1 in 1,000,000. 
Quantitative measurements indicate that the reaction takes place 
between two molecules of ozone and one molecule of fluorescein. 
An optical arrangement is described which permits of the detec- 
tion of fluorescence in a solution diluted to 1 in 1,000,000,000, and 
thus, using 3 c.c. of such a solution, it is possible to detect and 
estimate 10 grams of ozone, which is a much smaller amount 
than cAn be detected by starch iodide. W. Cl. 

Estimation of Sulphites and of Sulphur Dioxide iu 
Gaseous Mixtures. Percy Haller {J. Boc. Ghevi. Ind., 1919, 
38, 52 — 56t). — A trustworthy method for the estimation of 
sulphites consists in titration with pot-assium iodate solution 
strongly acidified with hydrochloric acid. The addition of glycerol 
(about 5% of the volume of the solution) to sulphite solutions ot- 
to sodium hydroxide solution used for absorbing sulphur dioxide 
prevents any loss due to oxidation of the sulphite by dissolved 
air, even when the solution is heated. The presence of the 
glycerol does not interfere with the subsequent titration of the 
sulphite; the results obtained for sulphur dioxide in gases arc 
much higher than are found when the sulphur dioxide is ahsorbed 
in sodium hydroxide solution to which glycerol has not been added. 

W. P. S. 

Estimation of Sulphates in the Presence of Iron. Hermann 
Koeusch {Chem.. Zeit., 1919, 43, 117), — Examination of barium 
sulphate precipitates obtained in the estimation of sulphates in 
zinc blendes (compare A., 1916. ii, 194) showed that nrevious 
removal of iron had little effect on the puritv of the barium 
sulphate as compared with precipitates obtained after the iron 
had been separated. The principal impurity in the barium 
sulphate precipitates, in both cases, was barium chloride; it 
amounted to about 7% of the weight of the precipitate. It is 
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])oiiitped out that an error may be introduced owing to the reduc- 
tion of a portion of the sulphate to sulphide during ignition unless 
care is taken to ensure oxidation. rSee, further, J. Sor Ghem 
Ind., 1919, May.] ^ p g 

Estimation of Nitrates in Soil by the Phenoldisulphonic 
Acid Method. H. A. ISToyes (/. Ind. Eng. Chem., 19l9, 11, 
213—218). — Extraction of the soil with cold water under specified 
conditions removes the whole of the nitrates present, and thev 
may be accurately estimated by the phenoldisulphonic acid method 
in an aliquot portion of the filtrate. The presence of chlorides 
does not interfere with the estimation provided that the t.empera- 
tiire is kept below that which causes the chlorides and nitrates to 
react with the dilute sulphuric acid. Organic substances which 
yield a coloured extract, or iron in the soil, may bo removed by 
adding calcium hydroxide to the soil before the extraction with 
water. [See, further, J. Soc. Ohem. hid., 1919, 265a.] 

C. A. M. 

Estimation of Nitro-groups in Organic Compounds by 
means of Stannous Chloride. J. G. F. Druce (Chem. Netvs, 
1919, 118, 133). — modification of Young and Swain's method 
(A., 1898, ii, 186) for estimating iiitro-groups by reduction with 
stannous chloride and titration of the excess of the latter with 
iodine solution is found to give satisfactory results (compare also 
Altmann, A., 1901, ii, 475). [See J. Soc. Chem. Tml., 1919, 247a.] 

T. H. P. 

Solvent Action of Dilute Citric and Nitric Acids on Rock 
Phosphate. J. A. Stemus {/. hid. Eng. Chem., 1919, 11, 224 — 
227). — The amount of phosphorus extracted from rock, phos- 
])hate by citric acid of 0’2% strength was approximately the same 
as that extracted by neutral ammonium citrate solution. Varia- 
tions in the strength of acid and in the a mo unis of rock nhosphate 
treated had a great influence on the results. C’alciurn. carbonate 
and other basic substances reduce the solvent action of citric acid, 
and the addition of the extra quantity of acid equivalent to the 
basic substance does not eliminate this influence. Extraction with 
dilute nitric acid (0‘06 to 0*015%) removes still greater amounts 
of phosphorus, and this acid is therefore still less suitable than 
citric acid for estimating the available phosphorus. Although 
ammonium citrate solution does nob extract all the available phos- 
phorus, yet if used under uniform conditions it affords a test of 
the effect of any special treatment of rock phosphate. [See, 
further, J. Soc. Ghem. Ind.. 1919, 265a.] C. A. M. 

Methods of Glass Analysis^ with Special Reference to 
Boric Acid and the Two Oxides of Arsenic. E. T. Allen and 

E. G. ZiES (/. Amcr. Ceram. Soc.. 1918, 1, 739 — 786),' -Tervalent 
and quinquevalent compounds of arsenic in glass may be separated 
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by heating the glass with hydrofluoric and sulphuric acids, which 
expel the tervalent arsenic, but leave the whole of the quinque- 
vaient arsenic in the residue. 

The quiuquevalent arsenic may be estimated by precipitation 
as a sulphide, which is then oxidised to arsenic acid, r^uced by 
hydriodic acid, and titrated with standard iodine solution, using 
starch as indicator. The total arsenic is estimated by fusing the 
glass with sodium carbonate and a little potassium nitrate, and 
determining the arsenic as just described. The nitre oxidises any 
arsenious compounds present, and so prevents their volatilisation. 
Boric acid is preferably estimated by Chapinh method, in which 
methyl alcohol and anhydrous calcium chloride are added to an 
acid solution of the fused glass, the methyl borate is distilled, and 
collected in sodium hydroxide solution. The methyl alcohol is 
removed from this by evaporation, the solution rendered acid with 
hydrochloric acid, heated to expel all carbon dioxide, then rendered 
neutral to ^Miitrophenol by the addition of sodium hydroxide; 
mannitol is then added, and the free boric acid is titrated with 
standard sodium hydroxide. The results are affected by arsenious 
acid, but this can be avoided by oxidising the latter with hydrogen 
peroxide, as arsenic acid is inert. Kelatively large amounts of 
fluorides affect the accuracy of the results, but the proportions 
usually present do not interfere. Special precautions required in 
the estimation of iron, zinc, lead, barium, and calcium by 
customary methods are described, and the suggestion is made that 
when analysing borosilicate glasses, the boric acid should be ex- 
pelled by treating the residue obtained by evaporation (to separate 
the silica) with methyl alcohol before proceeding with the 
customary method of analysis. Attention is directed to the 
universal presence of hygroscopic moisture in finely powdered glass, 
and the effect of this on the analytical results. [For details, see 
/. Soc. Chevi. 1919. 254x.] A. B. S, 

Instrument for the Estimation of Small Quantities of 
Carbon Monoxide in Hydrogen. E. K. Ridkal and Huon 8. 
Taylor {Amli/nt, 1919, 44 , 89— 94). ---The method descriheJ 
depends on the preferential catalytic combustion of the carbon 
monoxide, the carbon dioxide formed being absorbed and estimated 
by measuring the conductivity of the solution. The gas (hydrogen) 
under exaniinatioii enters the apparatus, and is measured by a 
gauge; it is then mixed with a small quantity of oxygen, obtained 
by the electrolysis of sodium hydroxide solution between nickel 
electrodes, and passes to a catalyst chamber. The latter contains 
a mixture of iron and chromium oxides, and also a small quantity 
of ceria and thoria, and is heated at 230°; the gases leaving the 
combustion chamber are passed through an absorption column, 
through which a current of N j 200'calcinm hydroxide solution flows 
at regulated speed, and the solution is collected in an electrolytic 
cell, where the conductivity is measured. [See, further, J. 
Ghem. Ind„ 1919, 252a.1 W. P. S. 
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[Estimation of Glucinum in Beryl.] H. Copaux {ComjH, rend. 
1919, 168, 610 — 612). — See this voh, ii, 192. 

The Products of the Reaction of Difierent Metals with 
Quinosol. N. Schoorl {Pkar^n. Weekblad, 1919, 56, 325 — 328.) — 
Quinosol (the potassium salt of 8-hydroxyquinoline-5-sulphonic 
acid) gives an extremely delicate reaction with copper salts (Saul 
and Crawford, A., 1918, ii, 408). The author extends the use of 
this reagent, or of ''superol (8 -hydroxy quinoline sulphate), to the 
detection of arsenic (arsenate), barium, mercury (mercurous), lead, 
strOQtiuin, tin (stannous and stannic), iron (ferrous), and silver. 
The reagent superol is applied in the form of a 0*2% solution in 
water. The precipitates produced, except in the case of iron, are 
Hiicr ocry stall] ne and of extremely characteristic appearance, 
0’5 Mg. of copper per litre may be detecteel in this way. 

W. S. M. 

Estimation of Lead in Lead Salts. R. L. Morris {Chem. 
and T)ru(j.^ 1919, 91, 52—54). — The method described in the 
llritisb Pharmacopoeia for the estimation of lead in lead sails 
(precipitation as oxalate and titration of the precipitate with per- 
jtianganate solution) yields low results unless the precipitation is 
made in a solution containing at least 60% of acetic acid. [See, 
farther, J. Snc. Chew, /nd., 1919, 251 A.] W. P. S. 

Errors in the Analysis of Chrome Ironstone [Chromite], 
and a New Process. James Mom (/. S. A frican Assoc. Anal. 
Ckem., 1919, 2, [i], 9 — 16), — From an investigation made with 
synthetic mixtures, it is concluded that errors amounting to 10% 
of the chromium present are quite possible in the analysis of 
chromite by the usual methods. A modification of the sodium 
peroxide fusion method is described by which results averaging 
99’ 6% of the truth, with a total variation of about 1%, were 
obtained. [See, further, J. Soc. Chon. Ivd.. 1919, 2G0a.| 

W. E. F. P. 

0 Tolidine as a Colorimetric Test for Gold. W. K 

VoLLARD {A nali/st, 1919, 44, 94 — 95). — A 0*1% o-t-oli^iue solution 
in 10% hydrochloric acid gives a bright yellow coloration with a 
gold chloride solution containing one part of gold in one million 
parts of water; the colour can just he detected in a solution con- 
taining one part in twejily millions if observed in a depth of 10 cm. 
of liquid. If free chlorine is present, the coloration requires about 
three minutes for full development. Ruthenium, iron, osmic acid, 
and vanadates also give a yellow coloration with the reagent, but 
other metals do not interfere with the test. In the presence of 
copper, a green coloration may he obtained instead of a pure 
yellow. Nitrites and other reducing substances must not he 
present. [See. further, J. Chew . Ind.^ 1919, 269a.] 

W. V. s. 
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The Dracoruhin ” and “ Dracorubiu Capillary " Tests 
for Identifying and DiSereutiating Colourless Liquids. 

Karl Dieterich {Btr, Dtut> pharm. Ges,, 1918, 28, 449 — 492). — 
The test papers employed are prepared by immersing strips of 
filter paper, 7 cm. long by 1 cm. wide, in an alcoholic or benzene 
solution of the portion of Sumatra palm resin (palm dragon’s 
blood), wbicb is insoluble in boiling light and heavy petroleum; 
the strips are dried before use. When these papers are immersed 
in various organic liquids, the red colouring matter is removed 
more or less completely, according to the solvent properties of the 
liquid. The rate of solution, the coloration of the liquid after 
fifteen minutes and twenty-four hours, r^pectively, and the 
appearance of the paper after removal from the liquid, are different 
in the case of such liquids as alcohol, ether, petroleum, benzene, 
acetone, turpentine, etc. In the ‘'capillary" test, the paper is 
suspended so that its lower end dips to a depth of 1 cm. in the 
liquid. [See, further, J. Soc. Chem, Ind,^ 1919, 306a.] ' 

W. P. S. 

Estimation of Glycerol by means of the Specific Gravity 
and Boiling Point, Ad. GrOn and Th. Wirth {Zeitsch, 
angew. Ghtni..^ 1919, 32, i, 59 — 62), — According to various 
authorities, the specific gravity of pure glycerol varies by 0'0025 
to 0*0030 for each 1% of water added, whilst the record^ values 
for pure glycerol itself vary up to 0*0110, which would correspond 
with about 3^% of water. The results obtained with samples of 
pure anhydrous glycerol by the authors were 1'2653±0*0001, 
and were thus in agreement with those given by Gerlach 
(Chem. Ind,, 7, 277), whose table must therefore be accepted 
as the most trustworthy. As was shown by Gerlach {loc. 
the boiling point of glycerol is lowered from 290^^ to 239° by the 
addition of 1% of water. In the determinations made by means 
of Schleiermacher’s apparatus (A., 1891, 873), the boiling point 
of pure glycerol was found to be 283° to 284°', but tbis was proved 
to be due to the absorption of about O' 05% of water during the 
introduction of the glycerol into the capillary tube. The method 
affords the most trustworthy means of estimating small amounts 
of water in glycerol, and is applicable in tbe presence of organic 
and inorganic salts, such as sodium chloride, but cannot be use^l 
with crude glycerins containing polyglycerols, [See also J. Bor. 
Ghem. Ind,, 1919, 295a.] C. A. M. 

Preparation of a Solution of Cupric Hydroxide in 
Sodium Hydroxide for the Detection and Estimation of 
Sugars. Ed. Justin-Mueller { J. Phami. Chim., 1919, [vii], 19, 
18 — 20). — A solution, which serves all the purposes of Fehling’s 
solution, may be obtained by adding 20 c.c, of 10% copper sulphate 
solution to 100 c.c. of 33 '69% sodium hydroxide solution; the solu- 
tion remains clear when kept, and does not give a precipitate when 
heated. W. P. S. 
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Ailalysis oi Cows' M ilk, Particularly the Intimation of 
Lactose. Kans Salomon and Rudolf Diehl {Ber. Deut. pharm. 
Ges.j 1918, 28 , 493 — 498).- — Analyses are recorded showing that 
the quality of cows’ milk has not been affected by the poor fodder 
available lately in Germany. In the estimation of lactose, the 
preliminary removal of proteins, etc., by precipitation with copper 
sulphate and sodium hydroxide, is not always complete, especially 
in the case of milks which have been preserved by the addition of 
formaldehyde; the use of zinc sulphate, copper sulphate alone, or 
a mixture of asaprol (sodium l3-naphthol-a-monosulphonate) and 
citric acid is recommended for the purpose. W. P. S. 

A New Method for the Estimation of Oxalic Acid. 

Hugo Krause {Ber^ 1919, 52 , [i?], 426— 432).— When oxalic acid 
is heated with acetic anhydride at 100°, it decomposes briskly and 
quantitatively into carbon monoxide and carbon dioxide. Per- 
formed in a tube fitted with a generator of carbon dioxide and a 
nitrometer filled with potassium hydroxide, the reaction may there- 
fore be used for quantitative purposes. The only common organi(; 
acid which also gives carbon monoxide under these conditions is 
formic acid, although even this reacts more sluggishly. 

For soluble oxalates, the material is first evaporated with an 
e.'ccess of hydrochloric acid, and the slightly moist residue is spread 
out on the walls of the tube by shaking during the evaporation. 
Insoluble oxalates are treated with a mixture of acetic anhydride 
and sulphuric acid (9:1), but the method is not so good in this 
case, as the mixture alone develops some insoluble gas, necessitating 
a ''blank” experiment, nor is it specific for oxalic acid. 

J. C. W. 

Volumetric Method for the Estimation of Salicylic Acid 
in the Presence of Salicylaldehyde. R. Ber(4 {Chem. Zeit., 
1919, 43 , 129). — The method depends on the formation of a yellow 
coloration when a solution of salicylaldehyde is treated with a 
dight excess of free alkali; the aldehyde thus acts as an indicator. 
An ethereal solution containing salicylic acid and salicylaldehyde 
is extracted with several successive quantities of iY/ 20 -sodium 
liydrogen carbonate solution, and the aqueous extract is titrated 
with A/20-sulphuric acid, the solution being boiled after each 
addition of the acid to expel carbon dioxide. The end-point is 
denoted by the solution remaining colourless when boiled. [See, 
further, J, Soc. Chem . Ind., 1919, May.] W. P. S. 

Volumetric Method for the Estimation of Urea. Ap- 
plicable to Urine, Blood, Serum, etc. Golse {Bull. Soc. 
yharm. Bordeamr, 1918, 56, 188; from J. Pharm, Chhn., 1919, 
[vii], 19 , 20 — 22). — The urea solution is treated with a definite 
quantity (an excess) of sodium hypobromite solution, and. after 
one minute, notassium iodide and acetic acid are added and the 
liberated iodine is titrated with thiosulphate solution. The same 
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volume of iiypobromite solution is then treated separately with 
potassium iodide and acetic acid, and titrated. The difference 
between the two titrations is equivalent to the amount of urea 
present; 6 atoms of iodine correspond with 1 molecule of urea. 
In the case of urine, the urea is precipitated as a mercury com- 
pound by treating the urine with Patein's reagent and sodium 
hydroxide; the precipitate is collected, washed, dissolved in acetic 
acid, and the solution treated as described. Blood is clarified 
with trichloroacetic acid, filtered, the urea precipitated in the 
filtrate by means of Patein’s reagent and sodium hydroxide, and 
the process continued as above. W. P. g. 

Reduction of the Quantity of Humin Nitrogen Formed 
in the Hydrolysis of the Nitrogenous Constituents of 
Feeding-stu& . H, C. Eckstein and H. g. Gkindlev (d. Biol. 
Chtm.y 1919, 37, 373— 3 7G. Compare A., 1915, ii, 598, and A., 
1916, i, 623; ii, 119).— The authors have attempted to render the 
Van Slyke method for the deterra inatiou of the chemical groups 
characteristic of the amino-acids of proteins applicable with grea^ter 
accuracy than heretofore in the analysis of feeding stuffs. In the 
first place, the interference of some of the ii on-protein nitrogenous 
constituents, such as certain lipoids, pigments, betaines, amygdaliu, 
alkaloids, and some amides has been obviated by completely 
extracting the food product first with ether and then with cold 
absolute alcohol. In the second place, a method has been per- 
fected by which the percentages of the humin nitrogen formed in 
the hydrolysis of the nitrogenous constituents of feeding stuffs are 
reduced so that they compare favourably with those obtained for 
pure proteins. This is effected, firstly, by the extraction referred 
to above, after which insoluble carbohydrates are converted as 
far as possible into soluble carbohydrates by boiling with 0T% 
hydrochloric acid. The greater part of the soluble proteins is 
separated before hydrolysis from the soluble carbohydrates by 
neutralising the mineral acid and precipitating with alcohol. The 
small portion of proteins remaining in solution is hydrolysed by ^ 
boiling with 5% hydrochloric acid instead of 20%. 

By this method, the humin nitrogen is represented by values 
ajiproxiraately a third of those obtained by the direct lUOThod. 

j. C. J). 

The Indophenine Reaction. Edward Wray (J. Soc. Che7n. 
hid., 1919, 38, 83— 84t. Compare A., 1904, i, 337; 1905, ii, 779). 
— A green coloration instead of blue is obtained in this reaction 
unless a small quantity of an oxidising substance, preferably nitric 
acid, is present. The test is made as follows: 25 c.c. of a 0’05% 
Lsatin solution in pure sulphuric acid are placed in a stoppered 
cylinder, and 1 c.c. of the benzene to be tested for thiophen is 
added, followed by 25 c.c. of sulphuric acid containing one drop 
of nitric acid; a blue coloration appears when the mixture is 
shaken. W. P. 8. 
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paid us the complimeut of copying it as soon ajj the home manu- 
facture could be arranged. The French considered that the pro- 
tection it gave was even unnecessarily high. 

In the last year of his life Harrison was called on to participate 
in the offensive side of gas warfare, and to exercise his great 
organising talent in what had become a very imposing and difficult 
undertaking. He had now reached the position to which his 
talents and^labours so justly entitled him, but before he could 
actually officiate as Director of Chemical Warfare, the haunting 
fear of his friends was realised, and he was prostrated by influenza. 
His bo(fily strength, sapped by unceasing labour, was unequal to 
the strain, pneumonia supervened, and he passed away, as certainly 
as anyone on the battlefleld, a sacriflce of the war. His elder son 
bad fallen in France in 1916. 

It is not easy to do justice to Harrison's personal qualities. He 
was a man of the strongest character. The love of his country, 
its ideals of freedom, its democratic institutions, and his belief in 
the destiny of the British as leaders among free peoples were the 
inspiration of his life and work. He had no thought for himself 
when the lives of others were at stake. The inflexible sense of 
duty which animated him communicated itself to those who worked 
with him, and he gained in a remarkable degree their respect and 
aflection. He faced all emergencies with imperturbability, was 
never daunted or discouraged, and preserved a clear head and a 
power of decdsion even when worn out with incessant labour. He 
was neither dogmatic nor impatient, but always ready to improve 
on himself, listening with patience and courtesy to all honest 
criticism or advice. He was a master organiser, and the War 
brought hiin his opportunity. He died acknowledged and revered 
as a leader of men, his great task accomplished. He was buried 
with full military honours, mourned by a multitude of fellow- 
labourers who had learned something of his worth, 

Harrison died before he had received the public honours that 
would undoubtedly have been conferred on him. He had been 
made C.M.G. in 1917, and the French had shown their apprecia- 
tion of his services by making him Officer of the Legion of Honour, 
It is gratifying to know that a memorial to perpetuate his name 
is to he assdbiated with the Chemical Society. What the nation 
owes him for the saving of life and the mitigation of suffering can 
scarcely be overestimated. 

A. S. 

H. S. R. 


vou oxv. 


z 
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XLV . — Studies on the Dependence of Optical Rotatory 
Power on Chemical Constitution. Part 1. 
Position- Isomerism and Optical Activity of 
Naphtkyliminocamphors and Derivatives of Phenyl- 
iminocamphor. 

By Bawa Kartar Singh and Jatindra Kumar Mazumder. 

The relation between chemical constitution and rotatory power 
which is investigated in the present paper is that of position- 
isomerism in the aromatic groups present in optically active 
derivatives of phenyliminocamphor. 

Frankland in 1896 (T.^ 69 , 1583) suggested a theory -to explain 
the changes in rotatory power produced by nuclear substitution 
in the ortho-, meta-, and para-position in a side-chain containing 
an active group. 

Taking the analogy of a weight acting at the end of a lever 
arm, he suggested, for reasons based on the relative position of 
the centre of gravity of the unsubstituted aromatic nucleus on the 
one hand, and those of the isomeric disubstituted derivatives on 
the other, that the order of rotatory power should be : 

Ortho < unsubstituted nucleus < meta < para. 

The line of argument adopted was as follows : 

The centre of gravity of the unsubstituted nucleus being at the 
centre of a regular hexagon, that in the ortho-substituted deriv- 
ative would be somewhat nearer, in the meta-derivative somewhat 
further, and in the para-derivative still further than that geo- 
metrical centre from the side-chain containing the optically active 
group. 

If, then, the optical activity is determined by the moment of 
the mass of the group, the rotatory power of the para-compound 
should be the greatest, that of the ortho-compound the least, and 
that of the meta-derivative intermediate between those of the other 
two. In the case of the unsubstituted nucleus, the mass is 
smaller, but it acts through a longer arm than in the case of the 
larger mass of the ortho-compound, but through a shorter arm 
than in either the meta- or the para-compound. 

In bis Presidential Address to the Chemical Society (T., 1912, 
101 , 654), Frankland revived this theory, and illustrated its 
validity by several observations of Cohen and his collaborators. 
A number of other observations (Cohen, T., 1903, 83, 12U; 
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T., 1904, 85 , 1271 j T., 1905, 87 , 1190; T., 1911, 99 , 1058), how.- 
ever, do not support the rule. 

The aim of the present work is to afford evidence in support or 
in refutation of Frankland’s rule from observations made in 
several series of new compounds. If the theory were correct, that 
is, if the rotatory power were determined by the position of the 
centre of gravity of the nucleus in relation to the active group, we 
should expect: (1) that the greater the mass of the substituting 
group or element* the greater would be the observed differences 
between the constants of the para- and ortho- isomerides, and (2) 
that the para-isomeride would have the maximum rotation. 

The molecular rotatory powers of derivatives of phenyliiniuo- 
camphor are t ibulated below. 


Table I. 


LM]o 

in chloroform solution. 

Derivatives of 

phenyliroinocamphor. -CHsllS) -Br(80) -Cl(35'5} -0'CH5(31} 

Ortho- +1183° +1382“ +441*7° +612° 

Meta- 1665 1338 1338 ~ 

Para- 2177 1695 1768 (a) 3314 {a) 

The value of [M]j^ of phenyliminocamphor is (Forster and 

Thornley, T., 1909, 95 , 944). 


Table II. 


Derivatives of 
phenylimino- 
camphor, 
Ortho- 
Meta- 
Para- 


[Mji, in methyl alcohol. 


-CH3(15) 
+ 1030° 
1504 
2001 


-Br(80) 
+ 1311° 
1260 
1545 


~C1(35'5) 
+ 486-4° 
1261 


The value of [M]^ for phenyliminocamphor in methyl alcohol 
solution is 1462^. 

The mean temperature of observations recorded in tables I and 
II was 26*^ to 32°. 

It will now be seen that in no oase is Frankland's rule borne 
out by the results recorded in tables I and II. In the case ,of the 
toly] and chlorophenyl derivatives, the value of the rot-atory power 
for the unsubstituted compound (namely, phenyliminocamphor) 
lies between that for the meta- and para-derivative, and is there- 
fore ill opposition to Frankland'‘s rule. The order of rotatory 
powers in the case of the bromophenyl derivatives in chloroform 
is meta < ortho < para < unsubstituted compound, and here 
deviation from Frankland’s rule is seen to be most marked. 


z 
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Although the Jiiass of the group (CHa) in the case of the tolyl 
compounds is less than that in the case of the bromophenyl deriv* 
atives (Br), the observed difference in the values of the rotatory 
powers of the ortho- and para-isomerides is more than three times 
as high in the former as in the case of the latter. This result is 
again contrary to what we should expect if Frankland's rule were 
valid. 

The para-isomeride has in all the above cases^ except in the case 
of the bromophenyl derivative, the maximum rotation, and this is 
in accordance with the deduction made from Frankland’s rule. 

It is thus clear that the results recorded in the present paper do 
not generally support Frankland's rule. Only in one direction 
can we say that Frankland’s theory has been supported, namely, 
that the ortho-compound has the least and the para-derivative the 
maximum rotation (except in one instance). 

Cohen, as the result of his observations (T., 1910, 97 , 1737; 
1911, 99 , 1060), lays down the following rule: The rotatory effect 
of the ortho-grouping differs more from that of the phenyl than 
do those of meta- and para-groupings. A glance at tables I and 
II will show that this rule is also not supported- In the case of 
the bromophenyl derivatives, it is the meta, and in the case of the 
methoxyphenyl derivatives it is the para, and not the ortho, which 
differs more in rotation from the value of the unsubstituted 
compound. 

Further, no simple connexion can be observed between the nature 
of the substituting element or group in an optically active com- 
pound and its rotatory power. In the case of ortho-compounds 
(table I), it is seen that the order of elements or groups with 
increasing rotation is Cl< 0 *CH 3 <CH 3 <Br<H, in the case 
of meta-compounds Cl=Br<CH 3 <H, and in the case of para- 
compounds Br < H < Cl < CHg < O’CHj. 


Experimental. 


o-Tolyliminocamphor^ 




Camphorquinone and o-toluidine in molecular proportion were 
heated with anhydrous sodium sulphate for several hours on the 
water-bath. On cooling, water was added, when a solid substance 
was precipitated, which crystallised from 50 per cent, alcohol in 
yellow prisms melting at 120 — 121°. 

It is very readily soluble in chloroform, ether, benzene, or 
acetone, less so in methyl or ethyl alcohol, and insoluble in water; 
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0-2074 gave 10'6 c.c. N 2 at 30*^ and 759*5 mm. N = 5-78. 

Cj 7 H 2 iON requires N = 5*49 per cent. 

The following determinations of rotatory power were made by 
dissolving the given weight of substance in 19-9 c.c. of the solvent, 
and the first observation was made within half an hour of making 
up the solution. This applies to all the observations, unless the 
contrary is stated. The length of the tube was 2-dcm. 

Substance. Tern- Time 


Solvent. Gram, perature. hours, [aJd- [Mjo* 

Chloroform 0-1470 32° — +6-85° +404-1° +1183° 

„ „ 19 6-86 464-4 1184 

Alethyl alcohol 0-1519 34 — 6-16 403-6 1030 

„ 21 6-08 398-4 1016 


m-Tohjlimi }wcamphor . 

Molecular proportions of caniphorquinone and »t-toluidiiie, mixed 
with a little fused sodium sulphate, were heated on the water-bath 
for five hours. The product was cooled and dissolved in a small 
quantity of alcohol ; water was added, when an oil separated which 
solidified on keeping. The substance was crystallised from dilute 
(50 per cent.) alcohol in yellow prisms melting at 85 — 86*^. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, and insoluble in water : 

O' 1425 gave 7*6 -c.c. No at 31° and 760 mm. N = 5'9. 

CjjHojON requires N — 5*49 per cent. 

The rotatoiy power determinations gave the following values : 


Substance. Tern- Time in. 


Solvent. 

Gram. 

perature. 

hours. 

Bti. 

[«]v 

[M].. 

Chloroform ... 

0-0649 

31° 

— 

+ 4-26° 

+ 653-0° 

+ 1665° 

„ 


29-5 

20 

4-31 

660-7 

1684 

Methyl alcohol 

0-0915 

17—18 

— . 

6-04 

656-7 

167,5 

0-0903 ‘ 

31-0 

— 

5-35 

589-7 

1504 

„ 

29-5 

i3i 

5-35 

589-7 

1504 


p-Tolyliminocafiiphor . 

An alcoholic solution of camphorquinone was mixed with a 
similar solution of p-toluidine (in molecular proportion), a little 
anhydrous sodium sulphate added, and the solution was heated on 
the water-bath under reflux for three hours.* After evaporating 
off the alcohol, the residue was poured into water, when a yellow 
substance separated, which crystallised front dilute alcohol (50 per 
cent.) in yellow prisms melting at 121 — 122°. It is very readily 
soluble in chloroform, acetone, ether, or benzene, less so in methyl 
or ethyl alcohol, and insoluble in water: 
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0‘2118 gave 10'6 c.c. Ng at 29° and 764 mm. N = 5-71. 

Ci^HgjON requires N=5*49 per cent. 

The rotatory power determinations gave the following values: 


Substance. Tem- Time in 


Solvent. * 

Gram. 

perature. 

hours. 

a„. 

w,. 

[M]o. 

Chloroform 

0-1691 

28-0" 

. — 

+ u-5r 

+ 853-9° 

+ 2177" 

Methyl alcohol 

0-1583 

29-0 

— 

12-48 

784-5 

2001 


29-0 

48 

11-95 

694-5 

1771 



30-5 

76 

10-2 

641-1 

1634-8 



29-5 

142 

8-79 

552-6 

1409 



,30-5 

166 

8-26 

519-2 

1324 

„ 


30-0 

219 

7-55 

474-5 

1210 


The substance when recovered from the polarimeter tube by 
evaporation to dryness on the water-bath melts at about 110°. 


o-BromupheMyliminocamphor, ® ^ . 

v/U 

Camphorquinone was added to the calculated quantity of 
o-bromoaniline and a little anhydrous sodium sulphate, the mix- 
ture being heated on the water-bath for five hours, cooled, and 
then dissolved in alcohol. The alcoholic solution on dilution with 
water furnished an oil, which became solid on keeping for two or 
three days, and crystallised from dilute alcohol (50 per cent.) in 
yellow needles melting at 110°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
etlmr, or acetic acid, and insoluble in water ; 

0 1109 gave 4'6 c.c. N.^ at 33° and 761 mm. N = 4'65. 

CjgHigONBr requires N~4'4 per cent. 

The rotatory ])ower determinations gave the following values : 


Substance. Tem- Time in 


Solvent, Gram, perature. hours. Bj,. [a],.. [Mj^. 

Chloroform 00380 320" — |-T65" +432-1" +1382" 

„ 31*0 14^. b64 429-4 1374 

Methyl alcohol 0-0362 31-0 — 1-49 409-6 ,1311 

, 31-5 20), 1-19 327-2 1047 


m-Brovi oph e nylrm. i vo cam phor. 

Camphorquinone and /H-bromoaniline were heated together in 
the presence of a little anhydrous sodium sulphate on the water- 
bath for four hours. On cooling, the product was dissolved in 
alcohol and ])recipitated hy the addition of water. Ti, crystallised 
from dilute alcohol (50 per cent.) in yellow prisms melting at 
116 — .118°, which were very readily soluble in methyl or ethyl 
alcohol, chloroform, ether, or acetic acid, and insoluble in water. 
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0-1085 gave 0'0638 AgBr. Br=25’0. 

r requires Br=25-0 per cent. 

The rotatory power determinations gave the following values: 
Substance. Tern- Time in 


Solvent. Gram, perature. hours. «□. [oj^. 

Chloroform 0-1392 31® -- +5-85° h418-3® +1338® 

H 31 5-81 41.5-5 1329 

Methyl alcohol 0-1461 31 — 5-78 393-9 1260 

31 5 5-52 376-2 1204 

» » 31 22 4-94 336-7 1077 


The substance when recovered from methyl-alcoholic solution 
after the last observation by evaporating to dryness on the water- 
bath melted at 113 — 114°. A mixture with the original substance 
melted at 116 — 118°. It is therefore obvious that the substance 
undergoes mutarotatioii in methyl -alcoholic solution, and not in 
chloroform solution. 


"^-Bromo ph e nylimino ca mph or . 

Camphorquinone and p-bromoaniline were mixed together in 
equal quantities- The reaction began at the ordinary temperature, 
as the mixture became liquid within a short time. After heating 
for four hours on the water-bath, the reaction was complete. On 
cooling, the product solidified, and crystallised from dilute alcohol 
(50 per cent.) in yellow needles melting at 138 — 139°. The sub- 
stance is very readily soluble in methyl or ethyl alcohol, chloro- 
form, ether, or acetic acid, and insoluble in water : 

0-0750 gave 3*2 c.c. No at 35° and 759 mm. N-4-74. 

CigHjjjONBr requires N — 4'4 per cent. 

The rotatory power determinations gave the following values: 


Substance. Tern- Time in 


Solvent. 

Gram. 

perature. hours. 

(Cr,. 

[«].- 

[Ml.. 

Chloroform 

0-1217 

31® — 

-1-6-48° 

-!- 529-9® 

+ 1695® 

,, 


30 

20 

6-53 

534-0 

1709 

Methyl alcohol... 

0-1193 

31 — 

5-79 

483-0 

1545 


30 

22 

4-31 

359-5 

1150 

„ 


30 

46 

3-36 

280-2 

896-6 


The substance when recovered from methyl-alcoholic solution 
after the last observation, by evaporation to dryness, melted at 
112 — 118°, a mixture with the original substance melting at 
115 — 122°. It is clear that the substance exhibits mutarotation 
ill methyl alcohol, but not iu chlornfjjrni. 
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o-ChloropkenylimiTWcamphory * * ■ 

Camphorquinone and o-chloroanilin© were condensed with the 
aid of a little sodium sulphate by heating on the water-bath for 
five hours. On allowing to cool, the substance solidified, and 
crystallised from dilute alcohol (50 per cent.) in silky, yellow 
needles melting at 128°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, but sparingly so in water: 

0-1233 gave 5-6 c.c. N, at 28° and 758 mm. N = 5*16. 

CjfjH^gONCl requires hT^S'l per cent. 

Xhe rotatory power determinations gave the following values : 


Solvent. 

Substance. Tern- Time in 
Gram, perature. hours. 

o». 

[ab- 

[Mb- 

Chloroform ... 

00633 

27-5° — 

+1-02° 

4 160-4° 

+ 441-7“ 



28-0 8 

1*03 

161-9 

446-0 


0-0994 

30-0 — 

1-54 

154-1 

424-6 

Methyl alcohol 

(2nd prepn.) 

31-0 7J 

1-54 

154-1 

424-6 

0-0941 

30-0 — 

1-67 

176-6 

486-4 

„ 

31-0 6i 

1-67 

176-6 

486-6 


m-(Jh luroph e, n f/li min ucamph or . 

Molecular proportions of camphonjuinone and m-chloroaniline 
were condensed with the aid of anhydrous sodium sulphate by heat- 
ing on the water-bath for four hours. The product was cooled, 
dissolved m alcohol, and precipitated by the addition of water as 
a crystalline substance. On recrystallisation from dilute alcohol, 
pale yellow needles melting at 123—124° were obtained. The sub- 
stance is very readily soluble in methyl or ethyl alcohol, chloro- 
form, ether, or acetic acid, and insoluble in water : 

0-1300 gave 6-2 c.c. N 2 at 32° and 758 mm. N = 5‘35. 

CieH jgONCl requires N = 5‘l per cent. 

The rotatory power determinations gave the following values: 

Substance. Tern- Time in 


Solvent. Gram, perature. hours. o„. [ajn. [MJ^. 

Chloroform 0-0666 28-0'^ ~ -f3-25’ +485-7® +1338® 

„ 27-5 24 3-19 476-7 1313 

Methyl Bdcohol 0-0800 27-5 — 3*68 467-7 1261 

„ „ 26-5 20 3-69 459-0 1264 
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a-NaphihyliminocampkoTf CgHj^ 




When molecular proportions of camphorquinone and o-naphthyl- 
amine were mixed, the mixture soon became liquid at the ordinary 
temperature. It was heated on the water-bath for four hours to 
complete the reaction. On cooling, the product was dissolved in 
alcohol and precipitated by the addition of water, when a solid 
substance separated which crystallised from dilute alcohol in yellow 
needles melting at 155°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, and insoluble in water: 

0-1220 gave 5*1 c.c. Ng at 33° and 759 mm. N==4*7. 

C^oHjiON requires N=4'8 per cent. 

The rotatory power determinations gave the following values : 

Substance. Tern- Time in 


Solvent. Gram, perature. hours. a^. [o]d. [M]b. 

Chloroform 0’0676 Sl-S” — +4*14*^ -f-1774" 

„ 32-0 9Jt 4-14 609-6 1774 

Methyl alcohol 0-1199 31-5 — ‘ 6-73 558-5 1625 

„ 32-0 7^ 6-73 558-5 1625 


The substance does not exhibit any mutarotation. 


aph thy I imiti o campk or . 


Camphorquinone and ^naphthylamine were condensed in mole- 
cular proportions by heating on the water-bath for four hours. 
The substance on crystallisation from dilute alcohol in the usual 
manner gave yellow needles melting at 140 — 142°. 

These are very readily soluble in methyl or ethyl alcohol, acetic 
acid, ether, or chloroform, and insoluble in water: 

O’llOO gave 4‘6 c.c. Ng at 32° and 760 mm. N = 4'4. 

C 20 H 21 ON requires N = 4‘8 per cent. 

The rotatory power determinations gave the following values : 


Substance, Tera- Time in 


Solvent. 

* Gram. 

perature. 

hours. 

ao. 

Chloroform 

. 0-0966 

32“ 

— 

+ 6-62^ 


31 

15 

6-66 

Methyl alcohol 

! 01140 

31 

31 


7-45 

7-35 


[«]». 
+ 682-0 
686-0 
650-5 
641-6 


[MIb. 
+ 1985® 
1996 
1893 
1867 


Phenyli rn i n ocoi'nph’Or. 

This substance was prepared according to Forster's method (T., 
1909, 95 , 949), and formed silky, yellow needles melting at 
110 — 112 ° 
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The rotatory power determinations gave the following values ; 


Solvent. 
Methyl alcohol, 


Substance. Tern- 
Gram. perature. 
00920 26-5” 

„ 27-0 


Time in 
hours. od. 
— +5*61° 

27 5-51 


Wo. [M].. 

-f 606-8*’ +1462“ 
596-1 1437 


i^^-Benzeneazopkeiiylminccamphorf 


Camphorquinone and aminoazobeiizene, in molecular proportions, 
were heated on the water-bath for six hours. The product was 
cooled, dissolved in alcohol, and precipitated as an oil by the addi- 
tion of water. The oil, on keeping for two days, solidified. It 
crystallised from dilute alcohol in orange needles melting and 
decomposing at 129 — 130°. 

The substance is very readily soluble in methyl or ethyl alcohol, 
chloroform, ether, or acetic acid, and insoluble in water : 

0T140 gave 12'5 c.c. N 2 at 32° and 759 mm. N = 12‘5. 

C 22 H 23 ON 5 requires 12*36 per cent. 

The rotatory power determinations gave the following values : 


Substance. Tem- Time in 


Solvent. Gram, perature. hours. oj,. [o]d. [M]u. 

Chloroform 0-0557 23-0° — +3-08® +550-4® +1899® 

„ „ 23-5 22 3-25 580-8 2004 

Methyl alcohol 0 0359 24-0 — 2-06 57M 1970 

„ „ 24-5 22 2-05 568-4 1961 


c:n^ 


Camphanoquinoxalvic, 


The quinoxaline derivative is obtained quantitatively by heat- 
ing on the water-bath alcoholic solutions of camphorquinone and 
o-phenylenediamine. On dilution with water, it separates as an 
oil, which on rubbing becoifles pasty and then solidifies. It is 
purified by dissolving in alcohol and precipitating with water, 
being obtained as a white, amorphous substance melting at 77 — 78°. 
It is very readily soluble in methyl or ethyl alcohol, acetone, 
glacial acetic acid, ether, benzene, light petroleum, carbon 
disulphide, or chloroform, and insoluble in water: 

0*1725 gave 18*55 c.c. Ng at 30*5^ and 759*5 mm. N-12‘1. 

CigHjgNg requires N = 11*76 per cent. 

The rotatory power determinations gave the following values: 
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Substance. Tom- Tim© in 


Solvent. 

Gram. 

peraturo. 

hours. 

«r>- 


[MJ... 

iJthyl alcohol 

. 0-2980 

23-5° 


+ 0-97° 

-i-32-4° 

+ 77-1° 

,j 

)] 

24-0 


0-94 

31-4 

74-71 

Chloroform 

„ 

23-0 

23^ 

0-94 

31-4 

74-71 

0-3979 

28-0 

— 

M4 

28-51 

67-86 

Methyl alcohol 

„ 

27-0 

18 

1-17 

29-26 

69-65 

0-4264 - 

30-0 

— 

1-43 

33-45 

79-6 


m-Phenylenebisiminocamphor, CgH^^<^ 


c:N-o„H,-N:a 
CO oc- 




An alcoholic solution of camphorquinone (2 mols.) was added to 
an aqueous solution of w^-pllenylenedialniTl 6 hydrochloride mixed 
with excess of sodium acetate, and heated for half an hour on the 
water-bath. The condensation product was obtained as an oil, 
which solidified on keeping and crystallised from dilute alcohol in 
yellow needles melting at 150 — 151°. 

It is very readily soluble in methyl or ethyl alcohol, acetic acid, 
chloroform, ether, or pyridine, and insoluble in water; 

0 1 300 gave 8‘25 c.c. N 3 at 31° and 760 mm. N^7-16. 

^^ 26 ^ 82 ^ 2^2 requires N=6‘93 per cent. 

The same substance was also obtained when camphorquinone and 
?«,phenylenedi amine were condensed in molecular proportions. 

The rotatory power determinations gave the following values; 


Substance. Tern- Time in 


Solvent. Gram, perature. hours. «,). [a],,. [M],,. 

Methyl alcohol 0-0193 30-5“ — +1-23° +634-1° +2563° 

Chloroform 0-0396 29-0 -- 0-52 658-3 2660 


(in 100 c.c.) 

„ „ 28-0 21 0-53 671-0 2710 

More concentrated solutions were too dark for observations to 
be made on them. 


CIN'C H ’0*CH 

o-M ethoxy phenyltviinocamphor^ ^ ^ 


Camphorquinone and o-anisidine were mixed in molecular pro- 
portions, a little anhydrous sodium sulphate was added, and the 
whole heated on the water-bath for four hours. On cooling the 
product, it was dissolved in alcohol and precipitated by water. It 
crystallised from dilute alcohol in pale yellow prisms melting at 
125—126°. 

The substance is very readily soluble in methyl or ethyl alcohol, 
chloroform, ether, or acetic acid, and insoluble in water: 

01135 gave 5*6 c.c. Ng at 28° and 759 mm. N=5‘61. 

CiyHgjOgN requires N — 5'2 per cent. 


z* 2 
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The rotatory power detenuiuations gave the following values. 
The solution was soniewhat dark, and therefore difficult to read : 
Substance. Tern- Time in 


Solvent. Gram, perature. hours. Od. [«]d. [M]». 

Chloroform 0-0639 27° — 4-226-8° +612-0* 

„ 28 27, 1-47 228-9 620-3 


Condensations between caniphorquinone and ?7i-nitro-jp-toluidinej 
0 -, and y-aminobenzoic acids, could not be effected. 

This work was carried out at Dacca College. It is now being 
continued at Government College, Lahore. 

The Chemical Labokatory, 

Government College, 

Lahore, Punjab, India. [Re.ce.ived, January 13(A, 1919.] 


XLVL — The Nitration of Diphenylethylenediaminc, 

•By George Macdonald Bennett. 

It was shown by Mills in 1900 (T., 77, 1020) that diphenyl- 
ethylenediamine, CgH 5 *NH*CH 2 *CHo*NH’CgH 5 , may be nitrated 
in glacial acetic acid solution with the production of two isomeric 
tetranitro-derivatives, one melting at 303°, the other at 85°, the 
latter being much the more readily soluble in various solvents, and 
easily converted into the former by boiling its solution in acetone. 

The close relationship between diphenylethylenediamine and 
monomethylaniline made it probable that an octanitro-derivative 
of the former might be obtained, analogous to trinitrophenyl- 
methylnitroamine, CgH2(N02)3’NMe*N02. This proved to be the 
case, and the expected hexanitrodiphenylethylened ini troa mine, 
[CgH 2 (N 02 ) 3 *N(N 02 )*CH 2 *] 2 , was isolated, either by nitrating the 
base in sulphuric acid, using a large excess of fuming nitric acid, 
or by using little more than the theoretical amount of nitric acid 
in the presence of fuming sulphuric acid. 

From the products of the reaction there was also isolated a small 
quantity of a hexanitro-derivative, which must be isomeric with 
the compound melting at 230° obtained by Jedlicka (/. pr. Chem.. 
1893, [ii], 48 , 204) by the interaction of ethylenediamine and 
either trinitroanis(;^e or picryl chloride. This new hexanitro 
diphenylethylenediamine and the Mills's tetranitro-compounc 
(m. p. 85°), which it resembles closely in properties, are probabl] 
tetra- and di-uitrodiphenylethylenedinitroaraines. 
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E XFESI USNTAL, 

Preparation of Diphenylethylenedianiine, 

The base has hitherto been prepared by the interaction of afniline 
and ethylene dibromide (Morley, Ber., 1879, 12, 1794), but it may 
][3e equally readily obt^iined by using the dichloride, the mixture 
of the latter with four molecular proportions of aniline being boiled 
for three-quarters of an hour. The reaction is much less violent 
than with the bromide. The base may be conveniently purified 
ill the form of its sulphate^ C^4HieN2,H2S04,H20, which crystal- 
lises from hot water in colourless needles, being sparingly soluble 
in the cold: 

1'502 (air-dried) lost in a vacuum 0'079. HgO^o'S. 

ChHioN 2,H2S04,H20 requires per cent. 

0 3914 required 23'98 c.c. A’ Calc., 23’86 c.c. 


2 : 4 : 6 : 2^ : 4^ : ^^'Hexamtrodiphenyletliylcaedinitroaviine. 

Fifteen grams of the sulphate (dried at 110°) were dissolved in 
100 grams of sulphuric acid (97 per cent.), and the solution was 
run slowly into 60 c.c. of fuming nitric acid (D T52) kept 
vigorously stirred at 30 — 35°. The temperature of the mixture 
was then slowly raised, and kept finally at 80° during an hour. 
When the product was cold, the solid which had been precipitated 
was collected on asbestos and washed successively with dilute 
sulphuric acid (70 per cent.), water, sodium carbonate solution, 
and finally with water. There remained, after drying, 19 grams 
of a yellow, sandy powder which melted and decomposed at 200°. 
A similar result was obtained when the nitration was carried out 
in the presence of fuming sulphuric acid, using the calculated 
amount (eight molecular proportions) of nitric acid. By washing 
the sandy product with ethyl acetate or, better, by recrystallisa- 
tion from acetone, in which it is sparingly soluble, the octanitro- 
derivative was obtained as a pale yellow, crystalline powder melt- 
ing and decomposing at 213° (uncorr.) : 

0'2771 gave 0 2974 CO. and 0’0400 H.O. C=29*3; H = l*61. 
0-1315 ,, 26*75 c.c. N. (moist) at 15° and 763 mm. 

N = 24-03. 

requires C = 29‘3; H^l*4; N = 24-5 per cent. 

This compound is insoluble in the ordinary organic solvents, with 
the exception of ethyl acetate and acetone, in which it is appreci- 
ably soluble. It may be obtained in minute, lemon-yellow crystals 
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by crystallisation from nitrobenzene, in which it is readily soluble. 
It explodes on sudden heating. When heated with a concentrated 
solution of sodium hydroxide, it is decomposed, with the formation 
of picric acid. 

Hexnn i tro-d i r i xatir e . 

The dark>coloured mother liquors from the purification of the 
crude octanitro-derivative by means of ethyl acetate or acetone 
left, on evaporation, a dark brown powder which appeared to be 
a mixture, and from which crystalline products could not readily 
be isolated. By fractional precipitation of its solution in glacial 
acetic acid by the addition of water, an amorphous, canary-yellow 
powder was obtained which melted and decomposed at 70°, and 
appeared to be a hexanitro-derivative : 

0-1834 gave 0’2362 CO,> and 0-0413 H.O. 0 = 34-6; H = 2-5. 

Ci 4 HioOi 2 Ng requires C-34-8; H=2 07 per cent. 

It is readily soluble in acetone, glacial acetic acid, ethyl acetate, 
or nitrobenzene, but practically insoluble in chloroform, benzene, 
carbon tetrachloride, or light petroleum. 

This investigation was carried out during 1915 in the Cambridge 
University laboratories at the suggestion of Prof. Sir William 
Pope, to whom the author's best thanks are due. 

50, City Road, E.C, 1. [Received, 3fay 2nd, 1919.] 


XLVIL — T/ie Propagation of Flame in Mixtures of 
Acetylene and Air. 

By Walter Mason and Richard Vernon Wheeler, 

Measurements of the speed of the “uniform movement ’ during 
the horizontal propagation of flame in mixtures of acetylene and 
air have recently been made by Haward and Sastry (T., 191/, 
111 , 841) in revision of earlier determinations by Le Chatelier 
(Compt. rend., 1895, 121 , 1144). 

The electrical method of measuring the speeds of the flames 
employed by Haward and Sastry was found by them to be unsatis- 
factory when the propagation took place in a tube of as large 
a diameter as 25 mm., the duration of the uniform movement 
being too short and its speed too great to allow of sufficienUy 
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accurate records being obtained. For this reason, they reported 
only results procured, by using a tube 12 mm, in diameter. The 
tube employed by Le Ch atelier was 40 mm. in diameter. 

The maximum speeds during the uniform movement were found 
to be with mixtures containing from 8 to 10 per cent, of acetylene, 
and were: in a 12-mm. tube (Haward and Sastry), 260 cm. per 
second; in a 40-mm. tube (Le Chatelier), about 600 cm. per second. 

From the results obtained with inflammable gases other than 
acetylene (see, for example, T., 1917, 111 , 1044), one would not 
expect to find the speed of the uniform movement of flame so 
dependent on the diameter as these figures indicate. Means were 
therefore sought to compare the speeds in tubes of different 
diameters. From the appearance of the flames, it seemed prob- 
able that they would have sufficient actinic power to affect a sensi- 
tive photographic film during quite a short time of exposure, so 
that it should be possible to employ the photographic method of 
recording the speeds of flames devised by Mallard and Le Chate- 
lier (Ann. de$ Mines, 1883, [viii], 4 , 312) for use with mixtures 
of carbon disulphide with oxygen or nitric oxide, the flames of 
which are highly actinic. On trial, it was found that over the 
whole range of inflammable mixtures of acetylene and air a 
'Sufficiently definite image of the flame was obtained on a highly 
sensitive photographic film moving at a rapid speed in a direction 
uoniial to the direction of propagation of flame. 

This method, described in detail in the experimental portion of 
this paper, was therefore adopted for the determinations of the 
speeds of the uniform movement of flame in mixtures of acetylene 
and air herein recorded, tubes 12'5, 25, 50, and 90 mm. in diameter 
being used. 

Apart from its value in enabling the mean speed of propagation 
of flame over a measured distance to be calculated, the photo- 
graphic method enables a detailed study to be made of the manner 
of movement of the flame. Such a study has been made, with 
particular reference to the phenomena resulting in and accompany- 
ing the detonation wave, by Dixon (Phil. Trans., 1903, [A], 200, 
315), who has brought flame ^ analysis'’ by these means to the 
acme of perfection. 

Mallard and Le Chatelier's observations on the mode of propaga- 
tion of flame, as revealed by photographs, have frequently been 
epitomised ; but it is desirable to recall them again, preferably in 
Le OhatelierV wonls, which are as follow ('* Le Carbone/' p. 273, 
Paris, 1908) : 

"On constate dans ce-s conditions, lorsque 1 ’inflammation a ete 
mise du cote de Textremite ouverte du tube, que la flamme se 
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propage d’abord avec une vitesse sensiblement uniforme; la courbe 
enregistr^e est alors une droite, pins ou moins inclinee; il se 
developpe bientot des mouvements vibratoires dans la masse 
gazeuse qui prennent parfois une violence extraordinaire, la courbe 
presente des ondulatious tres accentuees ; enfin, dans certains cas, 
la propagation de Tinflanimation devient brusquement, en quelque 
sorte, instantanee, du moins tellement rapide qu'il est bien 
difficile de reconnaitre Texistence d'une vitesse definie/’ 

This description is founded mainly on the results of experiments 
with mixtures of carbon disulphide and nitric oxide, for with no 
other inflammable gas was the flame sufficiently rich in actinic 
rays to affect satisfactorily the rapidly moving sensitised paper 
(gelatino-bromide paper) which Mallard and Le Chatelier used. 
The description is, however, intended to apply to the propagation 
of flame in most gaseous mixtures ignited under the conditions 
specified. 

It will be understood that an advantage of this method of deter- 
mining the speed of uniform movement of flame, over such as 
involve the fusion of screen-wires at fixed positions along its path, 
lies in the assurance given by the photograph that no part of the 
“ vibratory movement,*' during which the flame may momentarily 
attain a very rapid speed, is included in the measurement. 

In the present instance, the necessity of avoiding the develop- 
ment of the detonation wave, with consequent shattering of the 
glass apparatus, demanded that tubes of not much greater length 
than 150 cm. should be employed. With such short tubes, the 
uniform movement may give place to the vibratory movement at 
a distance of less than 20 cm. from the point of ignition (the open 
end of the tube). It is difficult to record accurately the times of 
fusion, by rapidly moving flames, of screen-wires placed so close 
together as this. 

There is little doubt but that the inadvertent inclusion of part 
of the vibratory movement of the flame in the measurement of 
the speed of the uniform movement has been responsible for some 
of the discrepant results reported by different experimenters. It 
would seem most probable that herein lies the explanation of the 
high velocities recorded by Le Chatelier for the uniform movement 
of flame in mixtures of acetylene and air in a tube of 40 mm. 
diameter; for whilst the photographic method of recording the 
speeds confirms the results obtained by Haward and Sastry when 
using a tube 12 mm. in diameter, neither in a 50 mm. nor even 
in a 90 min. tube did the flames attain during the uniform move- 
ment such high speeds as in Le Chatelier s experiments. The maxi- 
mum speed of flame shown by the photographs during the uniform 
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inovenient was 335 cm. per second, for mixtures containing between 
9 and 10 per cent, of acetylene (tube 90 mm, in diameter); as 
compared with 600 cm. per second recorded by Le Chatelier for 
like mixtures (tube 40 mm. in diameter). 

In Fig. 1 the resTilts obtained in the. four tubes of different 
diameters are plotted as speed-percentage curves. The influence 
of the dimeter of the tube on the speed of the uniform movement 
of flame in mixtures of acetylene and air is shown by this diagram 
to be of the same degree as with other inflammable gases. For 
example, the maximum speeds may be compared with those for 


Fio. 1. 



Acetylene in air, per cent. 

mixtures of methane and air in tubes of the same diameters (T., 
1917, 111 , 1052), as follows: 

Speed of uniform movement of flame. 

Cm. per sec. 

biameter of tub© Methtwie-Air Acetylene- Air 

in mm. (9-5 per cent. CH*) (9-5 per cent CjH,) Ratio, 

25 67 285 4-2 

50 93 315 3-4 

00 105 335 3-2 

The mixture at the lower limit of inflammability, horizontal 
propagation of flaiiie, contains 2*7 per cent, of acetylene. The 
"pp«‘r limit is indeterminate, exothermic decomposition of excess 
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of acetylene, with deposition of carbon, taking place after a per- 
centage of acetylene of about 17 is exceeded. The speed at which 
flam© travels in the latter mixtures is slow, but does not decrease 
much with increased acetylene content, as is shown in Fig. 1. 
According to Le Chatelier, propagation of flame can be obtained 
(in a tube 40 mm, in diameter) with mixtures containing up to 
64 per cent, of acetylene, the speed at the limit being about 5 cm. 
per second. 

Figs. 2 — 6 reproduce some characteristic appearances of the 
flames. Each tube was partly covered with black paper, leaving a 
horizontal slit 5 nun. broad and 30 cm. long, which was focussed 
on the revolving film. A strip of paper 1 cm. broad divided the 
slit into two portions, each 14'5 cm, long; this strip appears as a 
black central line on the photographs. The slit began 10 cm. 
from the open "end, where ignition was effected. 

In each instance the flame should be pictured as travelling 
, horizontally from left to right over a measured distance, while the 
film is moving vertically at a known speed. A curve is thus 
traced, each point on which has for abscissa the distance travelled 
by the flame and for ordinate the time that has elapsed since its 
first appearance at the slit. 

Fig, 2. 5 '40 per ctnt , — A mixture of the same com- 
position inflamed in tubes of 12' 5, 25, and 50 mm. internal 

diameter and photographed on the same film, the peripheral speed 
of the drum to which it was attached being 57' 6 cm. per second 
in each instance. The increase of speed of flame with increased 
diameter of tube is well illustrated by this photograph, and is at 
once apparent from the angles of inclination of the images. The 
speeds are; 12'5 mm. tube (i), 120 cm. per sec.; 25 mm. tube 
(5), 140 cm. per sec.; 50 mm, tube (0), 160 cm. per sec. 

Fig, 3. C 2 H;,, 15 '00 per cent.—K mixture of the same com- 
position inflamed in tubes of i2‘5, 25, and 50 mm. internal 

diameter. The speed of the film in each instance was 96 cm. per 
second. It will be seen that with each of the tubes of larger 

diameter the uniform movement gave place to the vibratory move- 

ment after the flame had traversed half the length of the slit, a 
distance of about 25 cm. from the open end of the tube. The 
increase in the mean speed of the flame when this transition takes 
place is well marked.* Only the left-hand halves of the curves 

* It i.s uecesaaiy heiD to note tliat a distinction must be drawn between 
the vibrations of large amplitude, accompanied by enhanced mean speed of 
flame, and the undulations, whieli are without eitect on the speed of the 
flame, apparent during the uniform movement in the larger tubes. The 
cause of these undulations is explained later. 
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can be used for calculating the speeds of the uniform movement, 
which are: 12’5 mm. tube (4), 70 cm. per sec.; 25 mm. tube (B), 
78 on. per sec.; 50 mm. tube (unlettered), 85 cm. per sec 

Fig, 4. — Flame travelling in a tube 90 mm. in diameter, the 
mixture containing 9*45 per cent, of acetylene. Speed of film, 
96 cm. per sec. The speed of the uniform movement of this flame 
(335 cm. per seel) is the fastest recorded for any mixture of 
acetylene and air during the course of this research. 

Fig. 5. — Flame travelling in a mixture containing 15*55 per 
cent, of acetylene photographed in a tube of 25 mm. internal 
diameter. Speed of film, 96 cm. per sec. This mixture contains 
a considerable excess of acetylene above that required for com- 
plete combustion of the oxygen. Secondary combustion took place, 
air being draAvn in frCm the open end of the tube, whilst the 
initial flame was travelling a distance of 27 — 28 cm. ; the vibratory 
movement, with enhanced mean speed of the flame, was then 
developed. 

A feature, common to all the photographs of the flames in the 
tubes of larger diameter, is the undulating character of the flame 
front during the uniform movement. The undulations are due 
to resonance induced in the tubes at the moment of ignition, in 
part by the compression wave or pulse produced when the suddenly 
ignited gases expand, and in part by the pulse or train of pulses 
arising from the source of ignition itself. This, in the majority 
of the experiments, was a series of secondary discharges across a 
3 mm. gap 3 cm. from the open end of each tube, obtained from 
a 6-inch induction coil with a current of 10 amperes in the 
primary circuit.. A single such discharge produces a pulse of con- 
siderable intensity (see, for example, Topler, Ann. Phgs. Chem., 
1867, [ii], 131 , 33; 1868, 134 , 194), and it is clear from Fig. 6 
that the series of discharges used to cause ignition of the mixtures 
was largely operative in producing the more pronounced undula- 
tions of the flame, during the uniform movement. 

For this photogi-aph (Fig. 6), a mixture containing 5‘4 per cent, 
of acetylene was ignited in a tube 25 mm. in diameter (.1) by means 
of a small hydrogen flame held at the mouth of the tube, and (B) 
by the secondary discharge at the spark-gap 3 cm. within. Both 
])hotographs were t.aken on the same film (speed 55 cm. per 
second), and the images were good enough to fall close together, 
so that comparison between them is facilitated. It will be seen 
that .1 exhibits but sliglit signs of an undulatory motion of the 
llame during the uniform movement, whilst in 7i the undulations 
are well defined and similar in general character to those appear- 
ing in the majority of the photographs. The mean speed of the 
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flame (141 cm. per second) is not affected by the undula- 
tions. 

No rigid uniformity in the manner of ignition of the mixtures 
was attempted when detennining the speeds recorded in Fig. 1 ; 
for, provided that the flame is allowed to travel a sufficient distance 
before measurenient of the speed of the uniform movement is 
made, the initial impetus given to the flame by the spark dies 
away. A tapping key was employed, the trembler of the induc- 
tion coil being allowed to function in the usual manner, and no 
doubt the discharge was maintained during a longer period in 
some instances than in others. Experiment showed that prolonged 
passage of the discharge after ignition had been effected sometimes 
resulted in the appearance in the photographs of the flames of 
small undulations superposed on the main undulations, but did 
not otherwise affect their character. 

There remain to be considered the faint undulations apparent 
in Fig. 6, .4. These are evidently due to resonance set up in the 
column of gases in the tubes by the slight shock imparted to it 
at the moment of ignition, for if great care be taken to avoid any 
disturbance at the mouth of the tube when igniting the gases, no 
undulations of the flame appear. In Fig. 7 are reproduced the 
photographs of flames travelling in a mixture containing 5’ 15 per 
cent, of acetylene. For (d ) ignition was by a small jet of burn- 
ing hydrogen introduced through a hole 4 cm. from the open end 
of the tube, whilst for (B) a large, flat flame of hydrogen, which 
more than covered the cross-section of the tube, was used, and this 
was held momentarily across the mouth of the tube in such a 
manner that ignition of the mixture took place there simultaneously 
over the whole surface. With the small source of ignition at a 
point 4 cm, within the tube, an undulatory motion is imparted to 
the flame of a more pronounced character than when a similar 
small source of ignition is held at the month of the tube (Fig. 6, v4). 
With the large source of ignition (B), the propagation of flame 
is initially absolutely uniform. The speed of the film for these 
photographs was 96 cm. per second. 

Fig. 8 shows the effect of varying the intensity of the com- 
pression wave or pulse produced on ignition by varying the volume 
of mixture contained between the point of ignition and the open 
end of the tube. The photographs record the progress of the flame 
from the point of ignition, which was 1 cm. within the tube for 
(.4), 4’5 cm. within for (B), and 12 cm. within for (C). A mix- 
ture containing 5 ’8 per cent, of acetylene was used, and the tube 
was 25 mm, in diameter. The speed of the film was 100 cm. per 
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second. Ignition was by a single discharge across a 3 nnni. gap 
produced by breaking a current of 6' 6 amperes in the primary of 
a “10-inch” X-ray coil, the trembler of which was locked. 

The “uniform movement” of the flame lies towards the right- 
hand side of each photograph, that direction of travel being 
towards the closed end of the tube. Towards the open end the 
flames travel rapidly, and some of the mixture is projected into 
the air and burns there. It is clear that the larger the volume of 
the mixture thus rapidly ignited, and the more intense in con- 
sequence the compression wave produced, the greater is the ampli- 
. tilde of the undulations produced in the uniform movement of the 
flame. When the point of ignition is 12 cm. within the tube, the 
motion of the flame cannot be regarded as “uniform” at all. (In 
this connexion, see T., 1917, 111, 1055.) 

It may 'be remarked that the undulatory motion of the flames, 
even when accentuated by the use of a powerful secondary dis- 
charge to ignite the mixtures, is not apparent from direct observa- 
tion. Its occurrence is rendered evident, however, not only by 
photographic means, but sometimes also by the appearance along 
the glass tubes of rings of moisture deposited at regular intervals 
after the flames have passed, Neyreiieuf (Oompt. rend,, 1880, 
91 , 321) appears to have obtained similar effects in short tubes 
coated on the inside with paraffin wax. 

The proof that these undulations are indeed resonance effects 
lies in the close correspondence between their frequencies as deter- 
mined from the photographs and as calculated from the dimensions 
of the tubes. Each tube being closed at one end and open at the 
other, the mode of vibration of the column of gases to give the 
fundamental tone results, according to Bernoulli’s theorem, in an 
approximate frequency n — iilil, n being the velocity of sound in 
the gases and I the length of the tube. This approximation 
assumes a loop, with no pressure variation, at the open end of the 
tube, a condition which does not obtain. An ‘‘end correction” 
must be applied, which with flanged pipes amounts to about 0*82 r, 
and with unflanged pipes to about 0-60 r (see Rayleigh, “The 
Theory of Sound,” Vol. 2, p. 183. London, 1896). That is to 
say, the length of the tube must be increased by 0*82 r if 
flanged and by 0*60 r if un flanged before Bernouilli’s theorem is 
applied. 

Of the tubes used in the experiments, that of 50 mm. diameter 
alone was flanged. The observed frequencies of the undulations 
during the uniform movement of the flames, the dimensions of the 
tubes, and the calculated frequencies for the fundamental tone 



586 


mason and wheeler: the propagation oe 


during the longitudinal vibration of air in cylindrical pipes of 
those dimensions, are given in the table that follows: 


Frequency of undulations 

Dimensions of tube 

Calculated 
frequency of 

during uniform movement 



V 

fundamental 

of flame. 

Length. 

Diameter. 

tone of tube. 

63 

130 cm. 

1-25 cm. 

63'5 

59 

141 

2-5 

58-4 

65 

126 

5-0 (flanged) 

64-8 

58 

140 

90 

58-1 


The value taken for the velocity of sound when calculating the 
frequencies of the fundamental tones of the tubes was 332 m. per 
second, the velocity in open air at 15°. The velocity in the mix- 
tures in the tubes would vary slightly with the composition of the 
mixture and the diameter of the tube, but not to a sufficient 
extent to affect seriously the calculated frequency. 


Expert mental. 

The only part of the experimental arrangements requiring 
further description is the camera. This consisted of a light-tight 
box furnished with a lens of quartz 13 cm. in diameter, and con- 
taining a drum for the reception of the film, which could bfe 
revolved at a high speed. 

The focal length of the lens was 17 cm., and its position was 
fixed once and for all in relation to (1) the tube to bo photo- 
graphed, and (2) the film, so that the size of the image obtained 
was nearly one-quarter that of the object, the distance of the film 
from the lens being 20' 5 cm. 

The drum was 47 cm. in circumference and 10 cm. wide. Its 
spindle projected at either end through the sides of the camera, 
and carried at the one end a pulley to receive the drive of an 
electric motor and at the other end a reduction gearing. This 
gearing communicated with another drum, of the same diameter 
as that within the camera, used to receive, on a smoked paper 
chart, the record of a tuning-fork. The speeds of revolution of 
the two drums were as 1:32. 

All the records of speeds obtained by the photographic method 
are given in the table that follows. As a check on the method, a 
series of determinations was made in the 12 mm. tube, using the 
‘'screen-wire'' method as employed by Haward and Sastry; these 
determinations are placed within brackets in the table. 
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Speed of uniform movement of flame. 


Diameter of tube in mm. — 
Acetylene in air. Per cent. 

12-5 

25 

50 

90 

2-75 

— 

— -■ 

— 

40 

3-30 

(26) 

— 

' — 

— 

3-45 

25 

41 

60 

— 

3-66 

— 

— 

— 

69 

4-00 

(55) 

— 

— 

— 

4*40 


— 

— 

115 

4-60 

82 

95 

115 

— 

5-30 

(120) 

— 

— 

— 

5*40 

120 

140 

160 

— 

6-80 

— 

— 

— 

195 

6-00 

(155) 

— 

— 

— , 

6- 10 

158 

172 

205 

— 

7-00 


— 

— 

265 

705 

205 

225 

250 

— 

7-15 

(205) 

— 

— 

— 

7-40 

220 

240 

270 

— 

7-96 


— 

— 

310 

8-00 

(252) 

— 

— 


8-15 

258 

270 

303 

— 

8*60 

(260) 

— 

— 

— 

8-90 

265 

282 

312 

— 

9-00 

(268) 

— 

— 

— 

9-45 

(265) 

— 


335 

9-90 

266 

280 

310 

— . 

10-35 

260 (265) 

278 

304 

— 

' 10-55 

— 

— . 

— 

320 

10-65 

(255) 

— 

— 

— 

11-00 

(235) 

— 

— 

— 

11-60 

206 (210) 

246 

283 

— 

11-85 

— 

— 

— 

285 

12-30 

— 

— 

— 

260 

12-40 

(160) 

— 

— 

— 

12-50 

150 

191 

230 

— 

13-25 

115 

145 

175 

220 

13-30 

(115) 

— 

— 

— . 

14-00 

90 

100 

■ 115 

— 

15-10 

70 

78 

85 

— 

15-30 

— 

— 

— 

84 

15-60 

(65) 

— 

— 

— 

16-00 

60 

68 

72 

— 

18-20 

— 

— 

60 

70 


The acetylene was obtained compressed in cylinders, without 
acetone as solvent, and was of a high degree of purity. The air 
mixtures were made in metal gas-holders over brine, and were 
analysed before use. 

Eskmeals, 

CiJMBERLAND, [Recdved, May ^th, 1919.] 
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XLVIIL — The Preparation of Diacetonamine. 

By Arthur Ernest Everest. 

The metliods for the preparation of diacetonamine which are 
described in the literature are laborious and by no means satis- 
factory, and this applies whether the preparation is through mesityl 
oxide' or by the direct action of ammonia on acetone. 

Having need of considerable quantities of the compound, as the 
starting point for synthetic work, the author tried to find a method 
which would be both simple in action and satisfactory in respect 
of yield. The process described below, which was the result of the 
work, is successful in both respects, and furthermore eliminates 
almost completely the laborious recovery of mixtures of alcohol 
and acetone which are formed in the usual process of preparation 
from acetone and ammonia (see the table below). It enables con- 
siderable quantities of diacetonamine to be prepared with ease 
and comparative rapidity, and thereby makes this product much 
more available as a starting point for synthetic work. . 

One of the chief difficulties in the production of diacetonamine 
from acetone and ammonia is the comparatively small amount of 
ammonia which acetone will dissolve, a fact that necessitates 
several slow re-saturations being resorted to at intervals of five to 
seven days. Even when this course is adopted, a large proportion 
of the acetone remains unchanged. The author has made use of 
anhydrous calcium chloride to obviate this difficulty. By this 
means, the whole of the ammonia required can be passed into the 
reaction mixture in quite a short time, and, moreover, not only 
does the calcium chloride store up the requisite ammonia, but the 
water formed as the reaction proceeds is taken up by it, whereby 
a concentrated solution is formed which separates as a distinct 
layer and can be removed when the reaction is completed. 

Exp eriment al. 

Acetone (1160 grams) and anhydrous calcium chloride (200 
grams) were introduced into a vessel fitted with a reflux condenser 
(to prevent loss of acetone during the introduction of ammonia) 
and an inlet for ammonia. The vessel was then placed in cold 
water and ammonia (from a cylinder) blown into the mixture as 
rapidly as the liquid would absorb it (100 grams of ammonia were 
introduced in quite a short time without any appreciable loss). 
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Much heat was developed during the addition of the ammonia, but 
with an effective condenser no loss resulted from this. The intro- 
duction of ammonia was continued until the amount absorbed was 
equal to the weight of the calcium chloride used (200 grams). If 
it was found that the liquid became nearly saturated before the 
requisite amount of ammonia had been added (this was rarely the 
case), the addition of ammonia was stopped, the vessel allowed to 
remain some eight to ten hours (say overnight), and a further 
amount of ammonia then added. Before the whole of the ammonia 
had been introduced, water had usually commenced to separate, a 
fact that had no detrimental effect on the result. ' 

When 200 grams of ammonia had been blown in, the vessel was 
allowed to remain at the ordinary temperature for eight to nine 
days. It was found to be advantageous to shake well once a day 
during this period. As the reaction proceeded, the compound of 
calcium chloride and ammonia decomposed, and the products dis- 
solved in the water formed by the reaction, the calcium chloride 
solution thus produced forming the lower layer in the vessel. 
Towards the end of the reaction, the upper layer became quite 
viscous and developed a pale yellow colour, whilst the odour of the 
amine became noticeable alongside that of ammonia. 

When the reaction was completed, the layers were separated, 
care being taken that all the calcium chloride was removed, as 
when this was not done, considerable trouble was caused in the 
filtrations later by the calcium oxalate formed in working up the 
product. The aqueous layer when extracted with ether yielded 
a small additional quantity of amine, but in general it was not 
considered profitable to carry out this operation, and the yields 
stated below do not include such extractions. 

After separation, the amine layer (top) was placed in a vessel 
and dry air drawn rapidly through it for several hours, whereby 
a large proportion of the excess of ammonia was removed. The 
liquid thus obtained possessed a strong odour of the amine. The 
amount of oxalic acid required for the formation of the hydrogen 
oxalate was determined (by titration with standard oxalic acid), 
this was dissolved in alcohol, three times the volume of the reac- 
tion mixture being used, and the amine then poured slowly into 
the alcoholic solution, the whole being kept' well agitated. 
Rectified spirit (B.P.) gave with this process as good results as 
absolute alcohol had given with other processes, this being due to 
the fact that the water produced in the reaction was removed, 
whilst in the older methods it remained in the reaction mixture. 

When all the amine had been added, the product, without filtra- 
tion, was placed in a distilling flask and distilled up to 75°, during 
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which process a small amount of a mixture of acetone and alcohol 
passed over (from 1160 grams of acetone, only about 45 grams 
remained unacted on and pa^ed over in this mixture). At 75°, 
the distillation was discontinued, and the contents of the distilling 
flask were rapidly filtered hot. The filtrate, on cooling, deposited 
diacetonamine hydrogen oxalate in crystalline condition, which 
was collected, washed with alcohol, and dried. The solid residue 
from the hot filtration yielded a small additional quantity of the 
product when extracted with fresh hot alcohol. From the total 
mother liquors, a considerable further quantity of pure product 
was obtained by distilling them on a water-bath until nothing 
further passed over, allowing the residue to remain for about 
twenty -four hours in the cold, collecting the crystals which 
separated, and washing them with alcohol. A certain amount of 
syrup remained as a by-product, and in this a small amount of 
triacetonamine was detected. 

By the above method, 800 grams of diacetonamine hydrogen 
oxalate (m. p. 125 — 127°), containing about 1 per cent, of 
ammonium hydrogen oxalate (see note at end of paper), could be 
regularly obtained. Of this yield, about 600 grams were obtained 
from the first deposition and about 200 grams from the liquors 
and by extraction of the solid residues. 

The following table gives comparative results as obtained with 
the method described above (ct), and by the direct action of 
ammonia on acetone without the use of calcium chloride (6).* 

( 6 .) 

2100 grams 
1100 „ 

1000 „ 


2250 o.c. 

2^ litres (absolute). 

All ; considerably di- 
luted. 

1060 grama. 

24 — 28 days, 

4, at intervals of 5 — 7 
days. 

210 grams. 

424 „ 

440 „ 


(a.) 

Acetone taken 1045 grams 

„ recovered 45 „ 

,, used 1000 ,, 

Acetone-alcohol mixture 
fractionated to recover 
acetone and alcohol ... 100 c.c. 

Alcohol used 3 litres (rectified spirit, 

B.P.) 

„ recovered All ; somewhat diluted. 

Oxalic acid used 1050 grams. 

Tim© of keeping 8^ — 10 days. 

Number of saturations 
with ammonia One. 

Ammonia used (anhydrous) 190 grams. 

Yield 724 „ 

By-product: ammonium ’■ i 
hydrogen oxalate 340 „ 


The work described above was carried out in the chemical 
laboratories of University College, Reading, in February, 1916, 
and the author desires to thank the Sectional Chemical Committee 
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Qf the Royal Society, at whose request the preparation of the 
cliacetoiiamine was undertaken, for permission to publish the 

results. 

Appendix. 

071 Diacelonamine Hydrogen Oxalate and Vinyldiacetonamvic 
Oxalate, 

By Arthur Ernest Everest and Harold Rogerson. 

In connexion with the work on the new process for the prepara- 
tion of diacetonamine described above, it was desirable that a 
ready means of checking the purity of samples of diacetonamine 
hydrogen oxalate and of vinyidiacetonamine oxalate should be 
available. It was further necessary to prove the identity of the 
products obtained. 

In view of the fact that no melting points have been recorded 
ill the literature for these substances, previous workers have at 
times resorted to the expedient of converting either of the above 
compounds into a salt of vinyl diacetonalkainine, liberating the 
free base, and determining the melting point of this. The fact 
that this method is obviously unsatisfactory, and that time did not 
permit of ultimate analysis, led one of us (A. E. E.) to test pure 
specimens of the above compounds for melting point. It was found 
that both could be identified by this means. At the same time, the 
other {H. R.), who was also preparing quantities of these com- 
pounds, had quite independently observed that they had sharp 
melting points. The determinations were therefore mutually con- 
firmed by exchange of specimens. 

Experimental. 

(a) Diacetonamine Hydrogen Oxalate. 

A pure specimen of diacetonamine hydrogen oxalate melts fairly 
sharply at 126 — 127® to a clear, colourless liquid which, on cool- 
ing, sets to a mass of crystals, which again melt at 126 — 127®. 
The presence of ammonium hydrogen oxalate in the product causes 
opalescence in the liquid that results on luelti ug, but has little 
effect on the melting point. Thus: 

Pure diacetonamine hydrogen oxalate melts to a clear liquid at 
126—127®. 

Pure diacetonaniine hydrogen oxalate + 1 per cent, of ammonium 
hydrogen oxalate melts at 125-5 — 127®. 
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Pure diacetx)namine hydrogen oxalate + 5 ‘per cent, of ammonium 
hydrogen oxalate softens then melts at 124'5 — 126*^. 

Pure diacetonamine hydrogen oxalate + 10 per cent, of 
ammonium hydrogen oxalate softens more noticeably then melts 
at 124— 125-5° 

If much ammonium hydrogen oxalate is present in the sample, 
no melting point is observed, only a softening taking place. This 
may account for the fact that no melting point has been recorded 
previously. 

A rough approximation of the amount of ammonium hydrogen 
oxalate in a sample of diacetonamine hydrogen oxalate may be 
obtained by observation of the degree of opalescence shown when 
it melts, but for more accurate determinations an extraction of the 
diacetonamine salt from the sample by boiling absolute alcohol and 
weighing of the residue is recommended. 


(b) Vinyldiacetonainine. Oxedatt. 

When this compound is prepared from diacetonamine hydrogen 
oxalate which contains ammonium hydrogen oxalate, the latter 
passes through into the product. The presence of ammonium 
hydrogen oxalate has the same effect on the melting point of vinyl- 
diacetonamine oxalate as it fias on that of the diacetonamine salt. 
If sufficient of the ammonium salt is present, no melting point can 
be observed, mere shrinkage and change of colour taking place. 

Pure vinyldiacetonamine oxalate, prepared from pure di- 
acetonamine hydrogen oxalate and freed from the latter and from 
oxalic acid by twice boiling with a fairly large quantity of absolute 
alcohol, filtering hot, and finally washing with boiling absolute 
alcohol and drying in a vacuum over concentrated sulphuric acid, 
melts sharply at 184—185° with the evolution of gas and develop- 
ment of a yellow colour. The presence of diacetonamine hydrogen 
oxalate in the vinyl compound affects the melting point of the 
latter considerably and makes it less sharp. 

These observations were made at University College, Reading, 
and at Guy’s Hospital Medical School, in February, 1916, 

[Receivedt April l^ik, 1919 .] 
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XL IX. — The Constitution of Maltose, A New Example 
of Degradation in the Sugar Group, 

By James Colquhoun Irvine and Jambs Scott Dick. ' 

In the following paper are described the principal results obtained 
in an investigation undertaken some years ago with the object of 
determining the constitution of maltose. The standard process 
was adopted of complete methylation of the disaccharide, followed 
by identification of the two alkylated sugars produced on hydro- 
lysis, and the series of reactions as originally planned may be 
represented by the following synopsis : 

\faItose — y Methylmaltoside 

Tetramethy] glucose 

Heptamethyl methylmaltoside 

Trimethyl glucose 

Although the above scheme has not been fully realised, it has 
been possible to confirm and supplement the earlier results of 
Purdie and Irvine (T., 1905, 87, 1022), who showed that the non- 
reducing glucose component of maltose possesses the butylene- 
oxide structure, and thus yields crystalline tetr am ethyl glucose as 
one product of the above reactions. 

This result establishes the constitution of one half of the di- 
saocharide molecule, but, owing to an unexpected degradation of 
maltose encountered in the course of the work, we have been 
unable to isolate the trimethyl glucose which should be formed as 
a second hydrolysis product from a fully methylated maltoside. 
On the basis of the accepted constitution of maltose, the operation 
of the series of reactions should give, in addition to tetram ethyl 
glucose, the butylene-oxide form of trimethyl glucose described by 
Purdie and Bridgett (T., 1903, 83, 1037). This is shown below: 


-O- 


CH-[CH-Ofi]2-CH'CH(OH)*CH2*OH 

/ Non-reducing glucose component ; 
should yield tetramethyl glucose. 

\ I 0 1 

TH2-CH(0H)-CH*[CH«0H]2*CH-0H 


Reducing glucose component ; 
should yield trimetbyl glucose. 
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The identification of the particular form of triinethyi glucose 
to be expected is, however, difficult in view of the failure of this 
sugar to give crystalline derivatives, and accordingly, as a neces- 
sary preliminary to the present research, we re-examined the com- 
pound and determined its physical constants as standards of com- 
parison. In addition, the constitution provisionally assigned to 
the sugar has been confirmed by a study of its decomposition pro. 
ducts. When oxidised drastically by means of nitric acid, the 
essential product proved to be the monolactone of trimethy]. 
saccharic acid, 

r -0 n 

C0^H-CH(0Me)-CH‘[Ca*0Me]2-C0 ^ 
a result which confirms the view that the primary alcohol group 
in the parent sugar is uusubstituted. 

The data, thus accumulated proved, however, of little service in 
the present research, which developed an unexpected but interest- 
ing complexity. In preparing the necessary methylmaltoside, we 
adopted the method described by Mills {(.■hem. News, 1912, 106, 
165), in which hepta-acetyliodomaltose is converted into the corre- 
sponding acetylated methylmaltoside and the acyl groups are 
removed by hydrolysis. In the light of subsequent events, this 
proved to be an unfortunate decision. The various reactions 
appeared to proceed normally, but, on applying the silver oxide 
process to the jS- methylmaltoside,’' we obtained, after three 
methylations followed by vacuum distillation, a colourless syrup 
which gave on analysis by Zeisel's method figures agreeing closely 
with those required for a hexamethyl methylmaltosid.e. In the 
belief that the methylation was incomplete, further treatments 
with the alkylating mixture were carried out, but this had no 
effect on the composition. As a second preparation gave precisely 
the same result, although the silver oxide reaction was repeated 
five times, and this was followed by two further methylations, one 
by means of methyl sulphate and the other by di azomethane, we 
were forced reluctantly to the conclusion that steric hindrance had 
interfered completely with the methylation of one hydroxyl group 
of the maltose molecule. 

The results of combustions were indecisive, and the correct inter- 
pretation was forthcoming only when the supposed hexamethyl 
methylmaltoside was hydrolysed, and the two sugars thus produced 
were separated by distillation in the high vacuum of the Gaede 
pump. As already mentioned, crystalline tetramethyl glucose was 
readily obtained as the fraction of lower boiling point, but the 
remaining product distilled only with the greatest difficulty under 
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, pressure of O'l mm., and could not be induced to crystallise, 
ilxainmation showed this viscous syrup to be a reducing sugar and 
to possess the composition of a diviethyl iKntosc, so that clear 
evidence was thus obtained that, at some stage of the successive 
reactions, degradation of the maltose molecule had taken place to 
give derivatives of a sugar containing eleven carbon atoms in the 
chain. Owing to the close coincidence in the calculated composi- 
tions of a highly methylated methyl m altos id e and a hexamethyl 
raethylglucopentoside, it was impossible to detect this degradation 
before hydrolysis, and, owing to the unexpected nature of the 
result, it was necessary to obtain confirmatory evidence. The 
dimethyl pentose was therefore convert-ed successively into the 
corresponding dimethyl methylpentoside and trimethyl methyl- 
pentoside, and each compound gave on analysis figures which agree 
closely with the above explanation. Further, the values found 
for the specific rotations of these compounds agree with the idea 
that they are derivatives of arabinose, and the corresponding 
nomenclature is accordingly employed in the experimental part. 

there is little doubt that the degradation took place during the 
decemposition of maltose octa-acetate by means of hydrogen iodide, 
and is due to a species of reduction which is unusual in the sugar 
group. No doubt such a reaction, when once commenced, would 
be progressive, but in the twelve experiments conducted by us, the 
change was approximately arrested at a stage when the main' pro- 
duct consisted of a derivative of a sugar. The maltose origin- 
ally used was of high purity, and the octa-acetate prepared from 
it also conformed to accepted standards. On the other hand, the 
supposed hepta-acetyl methylmalteside,’’ obtained after reaction 
with hydrogen iodide followed by treatment with methyl alcohol, 
was abnormal. Although apparently a definite chemical in- 
dividual, we were unable by any process of crystallisation to raise 
the melting point above 115—117^, whereas the recorded values are 
higher (Fischer and Armstrong, 121—122®, 125—126°; Konigs 
and Knorr, 128 129°). Fischer has, however, remarked on the 

difficulty in obtaining this compound pure, and as the method of 
preparation adopted by us might lead to the production of non- 
separable a- and 3-forms showing a lower melting point, there was 
uo reason at the time to doubt the nature of the compound. 

The interruption of our collaboration, due to the War, has pre- 
vented us from studying the degradation of sugars by means of 
hydrogen iodide on more general lines, but the subject is evidently 
^portant, as the possibility is opened out of degrading maltose 
an acid system and comparing the results with those already 
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obtained by regulated oxidation in alkaline solution (Lewis and 
Buckborough, 7, Amer. Chcm. Soc.y 1914, 36 , 2385). 

Meanwhile, in a separate research, the results of which will be 
communicated at an early date, the cotnplete structure of maltose 
has been established by a method free from the complications now 
described. 


Experimental. 

Freparation of Maltose Octa-acetate. 

As the preparation of this compound in a^pure condition pre- 
sents considerable difficulty, an account may be given of the method 
which in our experience proved the most satisfactory. 

Pure maltose was acetylated by means of acetic anhydride and 
sodium acetate in the manner described by Herzfeld {Annalen^ 
1883, 220 , 200), but the reaction was continued for thirty minutes, 
after which the hot syrup was poured into cold water. On stirring 
vigorously, the product solidified, and the disintegrated solid was 
collected, dissolved in alcohol, and the solution neutralised with 
barium carbonate. The filtered solution was then pourcd ^iiito 
water, and the solid acetate which separated was collected on a 
filter and thereafter dried in a vacuum. On extracting the dry 
crystals repeatedly with a large excess of boiling ether, the impuri- 
ties remained undissolved, and on removal of the solvents from the 
united extracts, the acetate was obtained in good yield. One 
recrystallisation from hot alcohol was then sufficient to give the 
pure compound melting at 157°. 


Action of Hydrogen Iodide on Mcdtose Octa-acetate. 

Sixty grams of the acetate, in portions of 5 grams, were treated 
in methylene chloride solution with carefully purified hydrogen 
iodide, as described by Mills (Joe. cit.). The excess of the gas and 
the solvent were removed in a high vacuum, and the residual syrup 
was at once dissolved in dry methyl alcohol, and the solution shaken 
with silver carbonate until free from iodine. On concentration of 
the filtrate, the product crystallised readily, but even after re- 
peated crystallisation the melting point could not be raised above 
117°. 

The yields obtained in the twelve preparations varied consider- 
ably, and were in no case more than 60 per cent, of the theoretical 
amount. Apparently an important factor is to minimise the time 
during which the acetate is in contact with hydrogen iodide to less 
than thirty minutes, and to remove the excess of the gas as rapidly 
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as possible. Otherwise the amount of syrup fonned is increased 
aiul the proportion of crystalline product seriously diminished. 

The removal of the acetyl groups from the supposed hepta-acetyl 
methylmaitoside was effected in the usual way by shaking with 
aqueous barium hydroxide, the ultimate product being a glucosidic 
syrup, which proved to be methylglucoarabinoside. Throughout all 
the above reactions, the customary precautions were taken to pre- 
vent molecular rupture, and the operations were thus extremely 
tedious. 


M ethylation of Methylglucoarabinoside. 

No details of this reaction need be given, as it was conducted 
precisely as described in earlier papers dealing with the methyl- 
ation of glucosides by means of silver oxide and methyl iodide. 
After two alkylations in methyl-alcoholic solution, the product was 
freely soluble in methyl iodide, and consequently no extraneous 
solvent was required in the final m ethylations. The product, which 
was a clear, viscid syrup, was purifi^ by fractionation in a high 
vacuum, and the following table shows that successive treatments 
did not increase the methoxyl content above a fixed maximum. 

Number of 

methylations. B. p. Methoxyl. 

4 188 — 190'’/0‘35 nun. 1*4692 50-34 per cent, 

5 195'>/0*1 mm, 1-4688 50-66 „ 

6 205 — 208® /0*4 mm. 1-4695 52-2, 50-79 per cent. 

6 200— 203®/0‘4 mm. 1-4689 50-45 „ 

In a second preparation, otherwise duplicate, the treatment was 
extended by one methylation by means of methyl sulphate and 
sodium hydroxide, and finally by diazomethane in ethereal solu- 
tion, but without alteration in the analytical figures or physical 
constants of the product. The mean of several consistent analyses 
gave: 

C = 52‘ll; H — 8*21; OMe = 50‘9 per cent. 

Heptamethyl methylmaltoside : 

requires C=52-8G; H = 8-37; OMe= 54-63 per cent. 

Hexamethyl methylmaltoside : 

^ 19 ^ 36^11 requires C“51‘81j H — 8*18j OMe=49'3 per cent. 

Hexamethyl methylglucoarabinoside : 

^isp 34 ^io requires C=52*68; H = 8-29; OMe=52‘9 per cent. 

The results fail to discriminate between the alternatives, and 
tb molecular weight, determined in benzene solution by the cryo- 
scopic method, was equally inconclusive. 

VOL. CXV 


A A 
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Found: 425. 

retjuiies 440 j CigH^Oiy requires 410. 

On the evidence yielded by hydrolysis, the compound was finally 
shown to he essentially hexamethyl methylglucoarabinoside 

The new glucoside is a viscid, colourless syrup freely soluble in 
organic solvents generally, but less so in water. Presumably the 
specimen examined would consist of both a- and ^-forms, so that 
the specific rotations have only a qualitative significance, but, as 
is usually the case with methylated compounds possessing the 
glucose configuration, the activity was but little affected by the 
nature of the solvent. 


Solvent, 

c. 

w- 

Water 

4-875 

-f78-8° 

Methyl alcohol 

5-609 

77-5 

Ethyl alcohol 

5-316 

7.5-9 

Acetone 

5-103 

76-9 


Hydrolysis of Hexamethyl Methylglucoarabinoside. 

Preliminary experiments showed that the double hydrolytic 
change of removing the glucosidic methyl group and liberating the 
two constituent aldoses was best effected by boiling a 5 per cent, 
solution of the above compound in 5 per cent, aqueous hydrochloric 
acid. This method was accordingly applied to 38 grams of the 
glucoside, boiling under reflux being continued until the rotation 
diminished to a constant value, which it did in thirty minutes. 
The acid was neutralised with barium carbonate, the filtered solu- 
tion evaporated to dryness under diminished pressure, and the resi- 
due extracted with boiling alcohol. After removal of the alcohol, 
the residual syrup was dissolved in hot acetone, the solution being 
again filtered and evaporated. The mixed sugars produced in the 
hydrolysis were obtained in this way as a pale yellow syrup, and 
were separated by fractionation at the Gaede pump. 

A definit-e first fraction, amounting to 40 per cent, of the total 
weight, was collected at 125®/0’5 mm. as a moderately mobile 
liquid, but the remainder of the material distilled only with the 
greatest difficulty, and presented the appearance of a glass. As 
much decomposition took place in the later stages of the distilla- 
tion, no attempt was made, after the first preliminary trial, to 
distil this product, heating being continued only until the first 
fraction had been removed. 

The more volatile sugar crystallised readily, and, after draining 
on porous porcelain and two recrystallisations from light petroleum, 
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was identified as bufcylene-oxidic tetramethyl glucose melting at 
g5__87o (Found: C=50'62; H = 8-41j OMe=52‘46. CiyHsA 
requires C = 50'85; II=8'47; OMe = 52’54 per cent.) 

Mutarotation in alcohol: Initial [aj^ +104’9^ — >■ Fin,al 83*9®. 

Identification of Dimethyl Arahinose . — The less volatile sugar 
solidified on cooling to a glass, and no crystallising medium could 
be found for the compound, as it is very readily soluble in water 
or organic solvents, with the exception of light petroleum. It 
reduces Fehling’s solution readily, and is thus a reducing sugar, 
but gave only syrupy products when treated with aniline, hydroxyl- 
amine, or with phenylhydrazine and acetic acid. In approximately 
5 per cent, solution, the compound was dextrorotatory : 


Solvent. [«]^* 

Water -f57-7° 

Ethyl alcohol..., 50-6 

Acetone 56’9 


Before determining the activity or the analytical composition, 
the compound was further purified from traces of tetramethyl 
glucose by solution in dry ether and the addition of light petroleum, 
after which the syrupy precipitate was dried in a high vacuum. 

The mean of three consistent analyses showed that the sugar was 
neither the di- nor the tri -methyl glucose expected. 

Found: C -47*63; H-7-99; OMe= 35*28. 

Dimethyl arabinose : 

C 7 H 14 O 5 requires C-47-19; H-7*86; OMe-34'83 per cent. 
Dimethyl glucose: 

CgHigOg requires C — 46T3; H-7‘73; OMe-29-8 per cent. 
Trimethyl glucose ; 

CgHjgOg requires C-48‘63; H-8‘15; OMe-41’9 per cent. 

All the results, and more particularly the methoxyl content, 
point to the idea that the sugar is a dimethyl arabinose, but further 
identification was obtained by converting the compound into the 
corresponding methylpentoside by Fischer’s method. 

Dimethyl ^nethylarahinoside proved to be a colourless syrup 
(b. p. 120^/0-1 mm., n-^ 1-4620) devoid of action on Fehling’s 
solution until hydrolysed. 

Found; C-5038; H-8-60; OMe=48-9. 

CgHjgOg requires C = 50'00; 11 = 8-33; OMe = 48‘5 per cent. 
Further confirmation of the composition of the parent sugar was 
obtained by subjecting the above pentoside to the silver oxide reac- 
tion, so as to produce trimethyl methylarabinoside, which was 

A A 2 
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isolated as a colourless, mobile liquid (b. p. 94— 96°/0’08 mm., 
Wp 1-4460). 

Found: C = 52'18; H^^SSO; OMe^GOl, 60'8. 

C 9 H 18 O 5 requires 0=52*42; H=8-73j OMe=60'2 per cent. 

The whole series of analytical results thus consistently supports 
rile view that all the compounds examined are derivatives of a 
pentose, and not of a hexose. Considering their method of form- 
ation, they would consist of mixtures of a- and ^-fonns, and con- 
sequently specific rotations need not be quoted, but the fact that 
in each case the compounds are strongly dextrorotatory justifies 
the opinion that they are derived from arabinose, and this is 
embodied in the nomenclature used. 

frirriGthyl d-Methylglucoside and THmethyl Glucose. 

The above compounds are already known, but were re-examined 
for reasons stated in tbe introduction. Both substances are viscid 
syrups and yield no crystalline derivatives, so that their identifica- 
tion rests chiefly on the determination of their specific rotations. 
Unfortunately, the values found by different observers show con- 
siderable variation, a fact which may he explained by the difficulty 
encountered in fractionating syrups of high boiling point under 
the vacua given by an ordinary water pump, and accordingly we 
conducted our final distillations under the highly diminished 
pressure of the Gaede pump. 

Fifty grams of a-methylglucoside were dissolved in methyl alcohol 
and methylated by means of silver oxide (150 grams) and methyl 
iodide (183 grams), exactly as described by Purdie and Bridgett 
(loc. c^^.). After two alkylations, the product was isolated in the 
usual way and subjected to systematic fractionation, as a result of 
which 29‘5 grams of pure material were obtained after six dis- 
tillations. The syrup boiled at 160 — 16P/10 mm., showed 
1-4606, and gave [a]® +134*6° in absolute alcohol, a value which 
is not far removed from the specific rotation quoted by Purdie and 
Irvine (T., 1903, 83 , 1021). 

On hydrolysis with aqueous hydrochloric acid, the glucoside was 
converted into trimethyl glucose, the sugar being isolated in the 
customary manner, and purified by repeated distillations which 
were continued after satisfactory analytical figures were 
obtained. The final boiling point recorded was 152 — 165°/ 
0‘02 mm., but the refractive indices and specific rotations shown 
by the product of different preparations fluctuated widely, although 
the parent glucoside employed was apparently identical. The 
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extent of this variation is shown in the two extreme cases quoted 
below. 

In the first preparation, the trimethyl methylglucoside used 
showed 1-4606 and [a]^ +134-6'^ in methyl alcohol, whilst in 
the second the corresponding values wer^ 1*4596 and 132*4. Th© 
trimethyl glucose obtained from these two sources showed: 


^ 

in water 

[b]d in methyl alcohol 
[o]d in acetone 


Preparation I. Preparation II. 
1-4780 1-4768 

+ 48-6° +60-7" 

48-3 65-3 

46-2 58-8 


In view of these results, there can be little doubt that the sugar 
and the glucosid© from which it was prepared were mixtures of 
isomerides, and the identification of j3-y£-tri methyl glucose must in 
the meantime depend on oxidation processes. 


Oxidation of Trimethyl Glucose. 

3'5 Grams of the sugar were dissolved in 50 c.c. of nitric acid 
(D 1-7), and the solution was heated to 80° in order to start the 
oxidation. Thereafter, the mixture was kept at 65° for three 
hours, then diluted with water, and evaporated to a syrup under 
diminished pressure. The process of dilution with water and sub- 
sequent evaporation was repeated four times, and was followed by 
three similar treatments, in which alcohol was used as the diluent. 
As the syrupy product darkened rapidly at 120°, no attempt was 
inade to distil the compound, which was prepared for analysis by 
heating at 60°/0'3 mm. until constant in weight. Analysis showed 
the substance to be the monolactone of trimethyls a ccharic acid. 

Found; 0=46*07; H = 6*33; OM 6 = 37‘2. 

C 9 H 14 O 7 requires 0=46*13; H = 6*02; OMe=39*7 per cent. 

When dissolved iu alcohol and rapidly titrated with N /10-sodium 
hydroxide, the first neutralisation corresponded with the presence 
of one carboxyl group, and thereafter the compound behaved as 
a typical lactone on further titration. The lactonic structure was 
confirmed by the fact that in absolute alcohol the specific rotation 
remained practically constant, but diminished to a permanent value 
when aqueous alcohol was used as solvent. 


Solvent. Initial [a]//''. Final [a],,. 

Absolute alcohol +41-5® -i-43-0“ in 48 hours. 

oO per cent, alcohol 43-2 -> 24-0 ,» 
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L. — Caialjjtic Racemisation of Ethyl hMandelaie. 

By Alex. McKenzie and Henry Wren. 

The work described in the present communication was suggested 
by the following observations which have been recorded in the 
literature dealing with the phenomenon of racemisation. 

(1) When an optically active ester is hydrolysed by alkali, it 
has frequently been found that the product is partly racemised; 
for example, the specific rotatory power of the barium salt obtained 
by the action of aqueous barium hydroxide on ethyl f-phenyl- 
ethoxy acetate was only about one-half that of the optically pure 
salt (McKenzie, T., 1899, 75, 759). Occasionally, the racemisa- 
tion is even complete; thus, when f-mandelic acid was alkylated 
by a mixture of r- propyl iodide and silver oxide, the phenylprop- 
oxy acetic acid isolated from the resulting ester was, contrary to 
expectation, optically inactive, a result which may now be 
attributed, in part at least, to the action of the alcoholic alkali 
employed for the hydrolysis of the ester.* Another example is 
afforded by the more recent observation of Rupe and Kerkovius 
{Ber.^ 1912, 45, 1398), who obtained optically inactive aj3-dipbenyl- 
propionic acid as a consequence of the action of alcoholic alkali on 
/-menthyl /-ajB-diphenylpropionate. Moreover, McKenzie and Miss 
Widdows showed that the add isolated from the product of the 
action of a very slight excess of dilute alcoholic potassium hydr- 
oxide on ethyl ^f-phenyl-p-tolylacetate was quite inactive. 

(2) The gradual racemisation of ^-mandelic acid when heated 

* References on the partial racemisation occurring during the action of 
alcoholic alkali on optically active esters are the following ; McKenzie, T., 
1904, 85 , 378, 1249 ; McKenzie anti Thompson, T., 1905, 87 , 1004, T., 1907, 
91„789 ; McKenzie and Miiller, T., 1907, 91 , 1814 ; McKenzie and Humphries, 
T., 1909, 95 , 1105 ; McKenzie and Widdows, T„ 1915, 107 , 702 ; Wren and 
Still, T., 1915, 107 , 1449 ; Wren and Williama, T., 1916, 109 , 573 ; Wren, 
T.. 1918, 113 , 210. 
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with alkali was first observed by Holleman (Rec. trav. chxm., 1898, 
17, 323), whose observations were extended by McKenzie (T., 
1904, 86, 385) and by McKenzie and Thompson (T., 1905, 87^ 
1020). ^ The contrast between the action of aqueous- and ethyl- 
alcoholic alkali on an optically active acid was studied by McKenzie 
and Bate (T., 1915, 107, 1681) in the case of ^phenylanilinoacetic 
acid, the effect of the ethyl-alcoholic sodium hydroxide as com- 
pared with that of the aqueous alkali was very pronounced, the 
recovered acids having the values -4® and -109° respectively, 
whilst the pure acid used had [o]i, - 117-9° in acetone! 

(3) The contrast between the behaviour of ?-menthyl ^-mandelate 
towards aqueous- and ethyl-alcoholic alkali, respectively, as ex- 
amined by one of us (T., 1904, 85, 1256) is highly significant. 
The mandelic acid recovered when the hydrolysis was carried out 
at 100° with the calculated quantity of aqueous alkali gave the 
value [a]jj —126-4° in aqueous solution, whereas with the calcu- 
lated quantity of alcoholic potassium hydroxide at 25° the 
recovered acid had a much lower value, namely, [a]^ - 36-3°. It 
was clear from these results, and also from others (for example, in 
the case of phenyl -p-tolyl acetic acid), that there is more liability 
for racemisation occurring during the hydrolysis of esters by 
alcoholic alkali than by the action of alkali of the free acid. The 
important inference may be, drawn that the active agent in pro- 
moting racemisation during the hydrolysis of an optically active 
ester by alcoholic alkali is the alkyl oxide rather than the hydroxide. 

(4) In the course of their examination of the action of alkali on 

the diastereoisomeric ?-menthyl phenyl-;?-tolylacetates, McKenzie 
and Miss Widdows have pointed out that, when the ester of the 
^/-acid was boiled for more than an hour with a slight excess of 
alcoholic potassium hydroxide, the hydrolysis was incomplete. The 
ester recovered from this action had, however, the value [aj^ —54-7° 
in acetone, whereas the pure ester with which the experiment was 
conducted had [o]j, — 53°. Small as is the difference between these 
values, the conclusion that the original ester had undergone partial 
racemisation was justified. Here the racemisation causes an eleva- 
tion of the optical rotatory power, inasmuch as the menthyl group 
in the ester is optically stable towards alkali. This observation 
is, so far as we are aware, the first example recorded of the catalytic 
racemisation of an optically active ester by alcoholic alkali. The 
[lartial conversion of /-menthyl /-diphenylsuccinate into /-menthyl 
wc-^jodi phenyl succinate, as observed by Wren and Still, has also a 
liearing on the same problem . ^ 

Extending the observations of Wren and Still (T., 1917, 111, 
1019) on the formation of ethyl mesodiphenylsuccinate during the 



604 


McKenzie and wren: 


action of aqueous-alcoholic potassium hydroxide on ethyl 
r-diphenylsuccinate, Wren (T., 1918, 113 , 210) hydrolysed ethyl 
rf-diphenylsuccinate with a deficiency of aqueous ©Uiyl-alcoholic 
potassium hydroxide, and found that the non-hydrolysed portion 
consisted practically entirely of the me«o-ester. The following 
result was described in the same paper. Methyl (f-phenylsuccinate 
was treated with potassium hydroxide dissolved in slightly aqueous 
methyl alcohol in quantity insufficient for complete hydrolysis, 
and the non-hydrolysed portion was separated; this was found to 
be almost* completely raeemised. Wren’s suggestion that the 
racemisation of methyl d-phenylsuccinate by sodium methoxide 
may be due to the formation of an unstable intermediate complex 
involves the substitution of a hydrogen atom by a sodium atom. 


thus : 

C02Me 

Ph-U-H ^ 

CHj-CO.Me 
(Active.) ■ 


^/OMe 

pj^_^'^ONa:^-tPh-C-H + H-i-Ph 

CHj-COjMe ^H^-COgMe UH;-CO ,Mi 

(Inactive.) (Inactive.) 


On the other hand, the interpretation of the mechanism of the 
racemisation of phenyl -p-tolylacetic acid by alkali, as suggested 
by McKenzie and Miss Widdows, is different from the above, 
♦ inasmuch as it is implied that the change, 


^6- 

aH 


■>c<i 




is not the first phase of the action, but that, in virtu© of the 
reactivity of the carbonyl group, addition of the alkali first takes 
place, and the molecular rearrangement then occurs in the additive 
compound so formed, thus: 






(Active.) 


li 

0 


an- 


Oh 

(Active.) 

>o:c<pH /■c.H, 


^OH 






KOH 

(Inactive.) 


(Inactive.) 


*This speculation, which implies that an additive compound is 
produced during the neutralisation of an organic acid by an alkali, 
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lias an augmented interest when viewed in relationship with the 

1917. 39, d646) Those authors claim to have prepared a number 
ot compounds of potassium hydroxide with various organic acids 
the addition haying been conducted in the presence of anhydrous 
ether. Thus with benzoic acid a compound was isolated which on 
analysis, gave figures corresponding with the formula 
(CeH5-C02H)2,KOH, 

tho SC1101116 adduc6d boiiig the following ; 

:>CgH5*C02H + 2K0H 0— C-CgH, — > 

o^V J 


C,H^C— 0— C’C.H, dC.H.-CO^K + L'HjO 

OH OH OH OK 

According to the same authors, compounds of potassium hydr- 
oxide with various esters can exist as definite entities, for example, 
the description of a compound consisting of molecular quantities 
of ethyl salicylate and potassium hydroxide is cited. 

With those data at our disposal, we considered ' it desirable that 
an examination should be made in some detail of the behaviour 
on hydrolysis of an ester of an optically active monobasic acid of 
the type R-CH( 0 H)*C 02 H, possessing a simple structure and with 
a high optical rotatory power. For this purpose, ethyl f-mandelate 
which has [aj^ -200*2° in carbon disulphide solution, was selected. 

First of all, the behaviour of ^-mandelic acid towards potassium 
hydroxide in aqueous- and ethyl-alcoholic solutions, ' respectively, 
was examined under varied conditions of concentration and 
temperature. From the results recorded in table I (see experi- 
mental part), it was dear that aqueous alkali in the concentrations 
employed had only a very slight racemising action, even if used 
in condderable excess and at elevated temperature; moreover, 
alcoholic alkali caused racemisation, which was only slight at the 
ordinary temperature, but was pronounced when the alkali was in 
considerable excess at 70*5°. 

The complete hydrolysis of ethyl ^mandelate was next studied, 
the great difference in the extent of the racemisation when effected 
by alcoholic alkali as contrasted with aqueous alkali bein<r clearly 
indicated (see table II). » J 

The partial hydrolysis of the ester was next examined, and the 
rotation taken of the non-hydrolysed ester and of the mandelic abid 
resulting from, the potassium salt formed. It appeared that the 
racemisation of the ester was more pronounced than that of the 

A A* 
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acid, and the conclusion was reached that the ester, was catalytic- 
ally racemiscd. The specific rotatory power of the pure ester used 
was, as already stated, [ajj, -200*2° in carbon disulphide solution. 
In four separate experiments conducted with alcoholic alkali under 
different conditions, the ester which had escaped hydrolysis and 
was recovered gave the values [ 0 ]^ -122-P, -105*7°, -91*5°, and 

— 79*5° respectively. Moreover, the effect was more noticeable at 
higher than at. lower temperatures, and it was more extensive in 
alcoholic than in aqueous solutions ; curiously enough, it was more 
marked with dilute than with concentrated alkali (see table III). 
The latter observation is interesting and worthy of further in- 
vestigation; a satisfactory interpretation would doubtless be 
arrived at by a comparison of the velocity of hydrolysis with the 
velocity of racemisation in alcoholic solutions of varying con- 
centrations. 

Finally, ethyl 7-mandeIate was hydrolysed by a moderate excess 
of alcoholic alkali, and the optical rotatory power of the non- 
hydrolysed ester and of the mandelic acid obtained from the 
potassium salt was examined at different stages of the hydrolysis. 
The recovered ester ^ave the values [o]p -162*8°, —120*2°, and 

— 69*6° respectively in carbon disulphide. As we anticipated, the 
first portions of the ester to be hydrolysed gave a highly active 
acid, and the activity of the nou-hydrolysed ester always lagged 
behind that of the acid formed (see table V). 

The fact is accordingly established that the action of aqueous 
alkali on ethyl ?-mandelate under the conditions quoted in the 
experimental part is accompanied with very slight racemisation, 
whereas with alcoholic alkali under similar conditions the race- 
misation is pronounced. The mechanism of these two actions must 
obviously be different, and we suggest that with aqueous alkali 
the following stages may occur : 


OH 

OH 

OH 

( + KOH) — 

Ph-U-H 

^ Ph-C-H 

1 

0-0 Et 

C-OEt 

UO 2 K 

II 

/\ 


0 

OK OH 


(Lsevo.) 

(Lsevo.) 

(Laevo.' 


If the additive compound depicted is formed as an intermediate 
phase, its existence is presumably only transient, the velocity of 
its formation being measurably slow as compared with the velocity 
of its decomposition, which we would suppose to be immeasurably 
fast. There does not appear to be anything in such an assumption 
which is opposed sither to the bimolecular nature of ester-hydro* 
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lysis or to the view held by some chemiste that ionisation is the 
final effect instead of the initial cause of chemical reactions, and 
that association may precede ionisation even in aqueous solutions. 
A simple interpretation of this kind is not novel, recalling as it 
does the views advanced, for example, by H. E. Armstrong and 
Watson {Proc. Roy. Soc., 1907, [A], 79, 579) with reference to 
the hydrolysis of methyl acetate by hydrochloric acid and nitric 
acid in the presence of certain salts. Whilst it is admitted by 
these authors that the hydrated acid is the effective hydrolyst, the 
assumption is made that water acts alone and attaches itself to the 
carbonyl group of the ester, thus : 

CHj'C'O'OHj + OHg ^ CHs-CO^H + CH^-OH. 

0 OH^H 

On the basis of their results on the retarding effects of the 
inorganic salts on the velocity of hydrolysis, the same authors go 
so far as to assume that the salts actually enter into association 
with the ester, and consequently hinder to some extent the associa- 
tion of ester and hydrolyst. 

Now, on the representation suggested above, ethyl alcohol 
separates from the additive compound in such a manner that the 
asymmetry of the molecule is still preserved, the elimination being 
effected from groups which are not directly attached to the asym- 
metric carbon atom. If the change proceeded entirely according 
to this scheme, the mandelic acid resulting from the potassium 
salt should be the pure laevorotatory enantiomer ph. In practice, 
however, the product is always racemised, although only slightly, 
and this is to be attributed mainly to the presence of a trace of 
potassium ethoxide formed from the alcohol eliminated. Although 
the equilibrated condition, KOH -f CgHs-OH ^ KO-CgHg-f HgO, 
does not appear to have received the attention which its import- 
ance deserves, it is nevertheless certain that the quantity of 
ethoxide present during the hydrolysis of ethyl ?-mandelate by 
aqueous alkali under the conditions examined by us can only be 
extremely small, sufficient, however, to induce the slight racemisa- 
tion which is invariably observed. If it were feasible to select 
e.xperimental conditions, of such an order that the ethyl alcohol 
would at the moment of its formation be removed from the sphere 
of action without being acted on by the potassium hydroxide, it 
should be possible to obtain the pure Z-niandelic acid quite un- 
racemised as the product of the action of the calculated amount of 
aqueous alkali on the ester. It has, however, to be recognised that 
oiider certain conditions racemisation can occur even when alcohol 
is absent. 


A A* 2 
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McKenzie and wren: 


On the other hand, since alcoholic potassium hydroxide contains 
j>otassium cthoxide, the more pronounced racemisatioij effects noted 
with alcoholic alkali are to be attributed to this factor. Here we 
suppose that the first phase of the action is an additive one, and 
that the formation of an unsaturated, unstable complex occurs 
after the additive comf<yund hm been fanned ^ thus: 


OH 

Ph-C-H 


, ( + KtOK) 

C-OEt 


0 

(L?evo.) 


OH 

1 

(-EtOH) 

C^OEt 

/\ 

OK OEt 

(Lsbvo.) 


OH 

Ph-(J 

11 

0 

/\ 

OK OEt 

(Inactive.) 


( + H,0) 


OH 

■ Ph-U-H ( 
C-OH 

/\ 

OK OEt 
(Inactive.) 


OH OH 

-KOH) Ph-C-'H + H-C-Ph 
CK)Et dhOEt 

II II 

0 0 

(Inactive.) 


According to this picture, the asymmetry of the molecule is 
destroyed at the stage where the alcohol is eliminated, the ethoxide 
accordingly causing complete racemisation. A logical deduction 
would be that it should be possible tn effect the complete racemisa- 
tion of ethyl Z -man delate with potassium ethoxide if the experi- 
mental conditions could be so adjusted as to prevent the admission 
of potassium hydroxide into the system. 

Wren’s observations (T., 1918, 113 , 215) on the action of 
aqueous-alcoholic alkali on methyl d-phenylsuccinate are in 
harmony with the above views. With the gradual addition of 
water to alcoholic alkali, the amount of hydroxide will increase, 
whilst the amount of alkyl oxide will diminish. Wren’s results 
show clearly that Uie addition of water tends to check racemisation 
to a remarkable extent. 

The fact that, when ethyl ?-mandelato is hydrolysed by a 
quantity of alcoholic potassium hydroxide insufficient for complete 
hydrolysis the residual ester is partly racemised, would accordingly 
be interpreted in the following fashion. A portion of the pure 
ester is unattacked, whilst another portion is completely racemised 
by the potassium ethoxide; the ester which escapes being hydro- 
lysed would, therefore, consist of a mixture of d^ and testers con- 
taining an excess of the latter. 

On the other hand, the following distinct reactions appear to 
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take place in the hydrolysis of ethyl J*mandelate by the calculated 
amount of alcoholic potassium hydroxide : 

(1) The action of the aqueous potassium hydroxide present, lead- 
ing to the formation of potassium /-mandelate practically un- 
racemised. 

(2) The catalytic total racemisation of the /-ester by potassium 
ethoxide, leading to the formation of ei'/- ester. 

(3) The hydrolysis of this c^Z-ester by potassium hydroxide, lead- 
ing to the formation of potassium ^//-mandelate. 

The resulting mandelic acid would therefore consist of a mixture 
of the r- and /-acids. 

The results recorded in this paper are possibly of some import- 
ance as having a bearing on the general question of the mechanism 
of the hydrolysis of esters by alcoholic alkali. Let the case be 
considered where an ester like ethyl acetate, which does not possess 
an asymmetric carbon atom, is hydrolysed by an amount of 
alcoholic alkali insufficient for its complete hydrolysis. The non- 
hydrolysed ester could easily be removed, and found to be identical 
in every particular with the original ester. In the light of our 
experience, however, the conclusion would not be justified that this 
recovered ester was really entirely unattacked while the hydrolysis 
was actually in progress. 

Expekimental. 

Action of Pofamuni Hydroxide on l-Mandelic Acid. 

The acid was prepared from amygdalin, and had [a]j, - 154-40 
for c — 2*3215 in aqueous solution. It was heated under various 
conditions with an excess of potassium hydroxide dissolved in water 
or in ethyl alcohol. The product was finally poured into an excess 
of water, acidified by mineral acid, and extracted with ether. The 
specific rotatory power of the acid recovered from each solution 
was determined with water as the solvent. 


Table I. 


0 38 Gram of acid was taken in each experiment. 


Alkali. 

30 c.e. aqueous (0*93A") 

30 c.e’. alcoholic (O' 93JV) . 
30c.c. aqueous (0'1105iV) 
30 c.c. alcoholic (O-llOS^V) 


Conditions. [n]„ of recovered acid. 
7 days at ord. temp. —151-0° (c— M4) 

13 hours at 70-,')° 127-4 (c=l'42) 

7 days at ord. temp. 146- (> (c--0-86) 

13 hours at 70-5® 6i-2 (e = l'79) 

15 days at ord. temp. 152-3 (c=l-3) 

20 hours at 70-5° 148-6 (c=l-76) 

15 days at ord. temp. 151-7 (c=l-52) 

20 hours at 70*5° 145-5 (c— M9) 
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For the neutralisation of 0-38 gram of acid, 22’6 c.c. of 
0-1105MkaU are required. When a slight excess oPalkali of this 
concentration was employed, there was still racemisation ; the effect 
of raising the temperature is, however, clearly indicated, as also 
is the greater racemising effect of the alcoholic as contrasted with 
the aqueous alkali. The effects of the more concentrated alWi 
(0'93iV') were more pronounced. Although the value -16 
obtained from the third experiment quoted in the above table is 
not far removed from that of the optically pure /-mandelic acid, 
the racemisation which occurred when the alcoholic solution was 
kept at the ordinary temperature and submitted to polarimetric 
examination at intervals was observed quite clearly, the falling 
from -1-21° to -1-08° (i = l) after seven days. At (O'b , the 
initial value for a, was -2-42= {1=2); after one hour a„ was 
-2'15° and after three hours -1-92° whilst the acid recovered 
after the action had proceeded for thirteen hours had a value ^ 
Iniw Tal -61' 2^. It must, of course, b© noted that the alkali 

" Si. .Ip.-- '•» p"- ” T'; 

other hand, with aqueous alkali (0-93A), the initial value for 
was -2-89° (Z-2); after three hours at 70*5 , the value had falleu 
to -2-80°, and after thirteen hours to -2-45°, whilst the recovered 
acid had [a]^ -127-4° after the action had been in progress for 

regTrd to the conditions, the experiments quoted in the 
teble are' strictly comparable, as they were performed 
simultaneously. 


Complete Hydrohjm of Ethyl \-UandeluU l>,j Potamum 
Hydroxide. 


The ester was prepared by esterifying the acid with ethyl alcohol 
and sulphuric acid. Ite rotation was determined to carbon 
disulphide : 


/ = 2 . 


.9.0155. [al’t - 200-2°. 


This value is higher than that quoted by 
(Jhevi., 1895, 17, 708), who gives [aj^ - 
for c = 2'5. 


Walden {y^eitwh. phy-dkal 
-180° in carbon disulphide 
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Table II. 

Ester, Alkali 


grams. 

Alkali. 

require 

0-697 

35-5 c.c. alcoholic 
(0-1105A). 

35-0 c.i 

0-697 

35-5 c.c. alcoholic 
(0-1106A7). 

” 

0-789 

80 c.c. alcoholic 
(0-11052^). 

39-6 

0-789 

80 c.c. alcoholic 
(0-1 10637). 


1-0639 

6-6 c.c. alcoholic 
(0-93A). 

6-35 

1-0639 

6-6 c.c. alcoholic 
(0-9337). 

» 

0-721 

10 c.c. alcoholic 
(0-9337). 

4 3 

2-0516 

10 c.c. alcoholic 
(2-1837). 

5-2 

fl-5192 

27 c.c. aqueous 
(0-110537). 

26-1 

0-5893 

30-5 c.c. aqueous 
(0-110537). 

29-6 

0-9408 

0 c.c. aqueous 
(0-9337). 

5-6 

0-9008 

5-8 C.C. aqueous 
(0-9337). 

5-4 

0-6785 

8-1 c.c. aqueous 
(0-9337). 

4-0 


Conditions. recovered acid. 


3 days at ord. temp. 

-86-0° (c = l-9) 

6 hours at 70° 

74-5 (c = 2-32) 

5 days at ord. temp. 

93-7 (c = 2-05) 

6 hours at 70° 

80-6 (c = 2-62) 

20 hours at ord. temp. 

112-4 (c = 3-16) 

3 hours at 70° 

105-1 (c=3-07) 

2 days at ord. temp. 

118-4 (c = 2-05) 

IJ hours at ord. temp. 

124-1 (c = 2-14) 

4 days at ord. temp. 

149-4 (c = l-8) 

6 hours at 70° 

152-2 (c-=l-93) 

1 day at ord, temp. 

147-3 (c = 2-99) 

4 hours at 70° 

CO 

li 

w 

2h hours at 70° 

144-8 (c = 2-06) 


Experiments with excess of hot concentrated alcoholic alkali 
were not performed, since the product would have been appreciably 
racemised by the alkali after the completion of the hydrolysis, and 
the value for the specific rotation would have varied according to 
the duration of heating. 

Our thanks are due to Mr. Henry Wood, who in 1906 carried 
out the following experiments with the methyl and propyl esters 
of /-mandelic acid. A mixture of 3 grains of methyl ?-mandelate 
and 50 (Ac. of an aqueous solution of potassium hydroxide (I'lU 
grams, calculated I'OH grams) was maintained at the ordinary 
temperature for seven days. The acid obtained gave the value 
[a]o -153‘9° for c^l'99. An experiment conducted under similar 
conditions with 3 grams of the ester and 48-5 c.c. of alcoholic 
potassium hydroxide (1*016 grams) gave an acid with [a]jj -115*9o. 
These results showed the difference between the behaviour of 
aqueous and alcoholic alkali. When propyl-Z- maud elate was 
hydrolysed with a slight excess of aqueous alkali at the ordinary 
temperature, tke acid recovered gave the value [a]jj — 149'4*^ ; the 
behaviour of this ester towards alcoholic alkali was not examined 
at the time. 
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Partial Hydrolysis of Ethyl VMandelate, 

(1) With Ethyl-alcohoUc Potassiuni Hydroxide (O-llOdN ). — 
Ester, 3*7273 grams; 94 c.c. of alkali (calculated 187’3 c.c.). Tke 
solution was divided into two equal parts: (a) At the ordinary 
temperature for forty -eight hours. — The alcohol was removed from 
the neutral solution by evaporation, the residue added to water, 
and the non-hydrolyaed ester extracted with ether and dried ; its 
rotation determined in carbon disulphide solution was [a]u — 

for c = 2-19. The mandelic acid was obtained from the potassium 
salt in the usual manner, and its rotation determined in aqueous 
solution was [aj^ — 119'9® for c~3 03. (b) At 70'^ for four hours . — 
Recovered ester, [o]^— 79'5° for c = 4'69; acid, [a] jj —110*9° for 
c-3*57. 

(2) With Ethyl-alcoholic Potasmim Hydroxide (0*93 — Ester, 

3*4658 grams; 10 c.c. of alkali (calculated 20’7 c.c.). The solu- 
tion was divided into two equal parts: (a) At the ordin<iry 
temperature for twenty-four hours. — Recovered ester, [ajp —122-1° 
for c-3*15; acid, [a]^ -131*3° for c = 3*37. (b) At 70° for six 

hours. — Recovered ester, [o]u —91*5° for 13; acid, 

[o]i, -122*1° for c-2-31. 

(3) With Aqueous Potassium Hydroxide (0‘93A). Ester, 

3*4156 grams; 10 c.c. of alkali (calculated 20 ’4 c.c.). At the 
ordinary temperature for three days. Recovered ester, 

[o]p -181*8° for c = 4*82; acid, [o]i,- 152*2° for c = 2*02. 

These results are contrasted in the following table. 

Table III. 

Ester 

hydro- [a]„ of 
lysed, residual [o],, of 
Alkali. i- per cent, ester. acid. 

Alcoholic O-HOj.V , Ord. 50-2 -105-7" -119-9" 

70“ „ 79-5 110-9 

Alcoholic 0'93» Ord. 48-:i 1221 131-3 

70" „ 91-5 122-1 

Aqueous, 0-9327 Ord. 49 0 181-8 152-2 

Exummation at Different Stages ihiring the Complete Hydrolysis 
of Ethyl \-Mandelate hy Alcoholic Alkali. 

The ethyl-alcoholic potassium hydroxide used was 0-202iV. Six 
grams of the ester were dissolved rapidly at the ordinary tempera- 
ture by shaking with 205 c.c. of alkali (calculated 16o c.c.). At 
intervals, 50 c.c. of the solution were withdrawn and run into a 


Race- 

Race- 

misation 

miaation 

of ester, 

of acid, 

per cent. 

per cent. 

47-2 

^ 22-3 

60-3 

28-2 

39-0 

15-0 

54-3 

20-9 

9-2 

1-4 
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slight exc^ of standard sulphuric acid, the solution being then 
titrated with standard alkali. In each case, the alcohol was 
removed by heating, and the ester and maudelic acid in the residue 
were separated as usual. 


Table IV. 

Solution 
Interval. withdrawn 

7 minutes 50 c.c. 

25 ,, ,, 

65 ,, „ 

1269 

In table V, the specific rotatory power of the maudelic acid was 
determined in ethyl-alcoholic solution, the acid from which the 
ethyl /-mandelate was prepared having [aj^ -152° for c = 1-671 in 
ethyl alcohol. 


0-998Ar. 
10 c,c. 


for excess of acid. 
1 10 e.c. 

23 0 „ 

33-9 „ 

40-1 


Table V 


Ester 

hydro- [a],, of 

lysed, ester 

Fraction, per cent. recovered. 

1 28 -162-8°(c-v2.45) 

2 58 120-2 (c=l-46) 

3 84 69-6 (c=0-52) 

4 100 — 

Univeesity College, Dundee, 

Univbssity of St. Andreevs 
M uxTcirAL Technical Institute, 
Belfast, 


Ester Acid 
racemibcd, racemised, 
[«]i, of acid, per cent, per cent. 
138-2°(c=M) 18-7 9-1 

119 0 (c=l-02) 400 21-7 

104-3 (c-2-85} 65-2 31-4 

96-3 (c^2-69) — 36-6 


[Beceitrd, Ma^ 8tJi, 1910 .] 


lA, — The Potential of a Nitrogen Electrode. 

By Francis La wry Usher and Ramavenkatasubbier 
Venka tes war an. 

The decomposition potential of a normal solution of hydrazoic acid 
has been found by Le Blauc to be 1*29 volts, and this acid therefore 
resembles the halogen acids (except hydrofluoric) in furnishing at 
the anode an elec tr emotively active substance the potential of 
which is lower than that of oxygen. The substance in question 
has been presumed to be ordinary nitrogen, so that it should be 
possible to construct a nitrogen electrode similar to a chlorine or 
a hydrogen electroile, and to measure its potential in a solution 
containing iom, An attempt which we have made to do this 
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has led to some interesting results^ which leave little doubt that 
the substance set free at the anode in the electrolysis of azide 
solutions is not ordinary nitrogen, hut an active form of it. Some 
purely chemical evidence in support of this conclusion was obtained 
by one of us in 1914, and it is proposed to resume these experi- 
ments as soon as circumstances permit; they are at present too 
incomplete for publication. 


Experimental. 

The E.M.F. of the combination iV / 1 0-calomel j / 1 00-KCl ] 
A7100-NaN5|N2pt was measured at 30°, the nitrogen employed 
being carefully freed from oxygen and oxides. The nitrc^en 
electrode was about 0‘4 volt negative to the calomel, and therefore 
slightly negative to hydrogen, a result which is clearly incompatible 
with the assumption that the nitrogen furnishes ions 

reversibly. It was, in fact, proved that the observed potential was 
unaffected by the presence of nitrogen. The attempt was repeated 
with several different kinds of electrode, but always with the same 
negative result. 

Since the nitrogen liberated at the anode during the electrolysis 
of azide solutions is electr emotively active, as shown by the exist- 
ence of a definite decomposition voltage, it appeared probable that 
at the moment of its liberation it was different from, but was very 
rapidly converted into, ordinary nitrogen. It was therefore decided 
to polarise a platinum wire anodically in an azide solution with 
a definite E.M.F. in slight excess of the decomposition voltage, and 
to measure its potential, which would be slightly higher than the 
tnie potential corresponding with the reversible change N'3 — 
active nitrogen. The electrolytic cell was made of paraffined teak- 
wood divided into three compartments by parchment paper 
diaphragms, the three compartments containing iV-sodium azide, 
with some hydrazoic acid added to the middle compartment in 
order to neutralise any ammonia formed by reduction at the 
cathode. The potential of the anode was measured against a 
A’/lO'Calomel electrode at the ordinary temperature (25'— 26°). 
The results read from the smoothed curves are shown in the follow- 
ing table. In Series I, about 5 cm. of platinum wire 0‘5 ram. 
thick were used, in Series II about 2 mm. of the same wire, and in 
Series III a short point of very fine wirC: the metal being well 
platinised in every case. 
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Applied E.M.F 
Volts. 

Potential of anode against A”/ 10 -calomel. 


II. 

III. 

1-20 

0-690 

0-760 

0-788 

1-30 

0-698 

0-770 

0-800 

1-40 

0-704 

0-782 

0-813 

i-50 

0-712 

0-797 

0-829 

1-60 

0-722 

0-812 

0-843 

1-70 

0-732 

0*830 

0-861 

1-80 

0-743 

0-848 

0-880 

1-90 

0-754 

0-873 

0-904 


Alfchougli the combination was so arranged that the potentials 
at the liquid junctions could be calculated after determining the 
transport number for sodium azide, it was unnecessary to do this, 
because, as is evident from the above table, a constant Value for 
the potential of the nitrogen electrode was not obtained at any 
applied voltage. Its behaviour appears to be normal so far as the 
effect of increasing voltage is concerned, but depends on the size 
of the anode, that is, on the. current density. The current flowing 
in the primary circuit was at all times sufficient to cause a brisk 
evolution of gas, so that the results cannot be attributed to want 
of saturation. With a view to investigate the relation between 
the potential and the current density, a series of measurements 
was made with varying but known current densities at a constant 
decomposing voltage.* The arrangement shown diagrammatically 
ia the accompanying figure was used. The solution of iV-sodium 
azide, slightly acidified with hydrazoic acid, was contained in a 
tall U-tube with a side branch for the calomel electrode (E). The 
electrodes {AC) consisted of platinised platinum disks sealed into 
glass tubes which passed through corks, and could be moved up or 
down. The U-tube was tilted when in use in order to prevent an 
accumulation of gas under the disks. The electrolysing current v/as 
furnished by a battery (B), and passed through an adjustable low 
resistance (TF), a resistance box (/?), and the solution in the U-tube. 
SS are two paraffin block switches of which the terminals d and g 
were connected to a potentiometer {P)y the other connexions being 
as shown in the diagram. In taking a series of readings, the circuit 
was first closed, e was connected to g, and a to d. Plugs were then 
taken out of the resistance box until the potential difference across 
the U-tube was approximately I'Sl volts (chosen as being slightly 
in excess of the decomposition voltage), and the rheostat (IF) was 
then adjusted so that that figure was exactly attained. The second 
measurement was that of the fall of potential across the resistance 
box, and the third gave the E.M.F. of the combination nitrogen- 

* Keys, standard cell, and a buffer solution between the U-tube and 
calomel electrode are not shown. 
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calomel. The current flowing through the solution was known from 
the second measurement, which gave the fall of potential across a 
known resistance, and from this the current density was calculated, 
the area of the anode being always the same, namely, 0-65 sq. cm. 
By altering the position of the electrodes, the resistance of the solu- 
tion could he varied, and therefore also the current density. 

It was noticed that when the platinised electrodes were immersed 
ill the solution, a slow evolution of nitrogen occurred even when no 
current was passed. This could not have been due to occluded 



chlorine derived from the platinising liquid, since it took place after 
soaking the electrodes in ferrous sulphate solution and washing 
them thoroughly, but was .probably due to catalytic decomposition 
by the platinum black. Shortly after this observation was made, 
we found that the phenomenon had already been studied by 
Oliveri-Mandala {Gazzetta, 1916, 46 , ii, 137). The platinum 
apparently became poisoned after the evolution had proceeded 
for some time, and nitrogen ceased to be given off after the first 
series of 'readings had been taken. The following table shows the 
results obtained. The current density at the anode (C.D.) is given 
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ill microamperes per sq, cm., and the B.M.F. of tho combination in 
volts. 


I. IT. UI. IV. 


C.D. 

E.M.F, 

C.D. 

E.M.F. 

C.D. 

E.M.F. 

C.D. 

E.M.F. 

4707 

0-446 

4070 

0-493 

3659 

0-508 

3768 

0-494 

4838 

0-468 

4244 

0-506 

3738 

0-624 

3816 

0-518 

4975 

0-482 

4285 

0-516 

3831 

0-542 

3847 

0-545 

5136 

0-497 

4377 

0-528 

3893 

0-558 

3893 

0-561 

5444 

0-520 

4641 

0-640 

4019 

0-577 

3988 

0-587 

5741 

0-541 

4670 

0-552 

4112 

0-593 

4051 

0-617 

6131 

0-664 

4868 

0-561 

4237 

0-608 

4144 

0-652 



4992 

0-681 

4364 

0-629 





6157 

0-590 







5362 

0-615 







5646 

0-635 





If the 

above figures 

are plotted 

cn a 

curve, it 

is seen 

that, 


0116 would expect, the rate of increase of potential with current 
density diminishes as the latter increases. Since the potential is 
a measure of the concentration of the electromotively active sub- 
stance in the electrode (assuming the solution to remain unaltered), 
it is evident that the latter is unsaturated even when nitrogen is 
being evolved freely, and one can only explain this behaviour by 
assuming that the ions furnish an active form of nitrogen on 
discharge, and that this is rapidly converted into ordinary nitrogen, 
probably catalytically by the platinum. 

It has been shown in other instances that the velocity of reaction 
between a gas and a solid is proportional to the partial pressure 
of the gas. In' the present case, the rate of formation of active 
nitrogen must be proportional to the current density, and its rate 
of decomposition may be considered proportional to its partial 
pressure, that is, to its coucentration, of which the potential is a 
known function. If, therefore, the measurements correspond v/ith 
a state of equilibrium (which they probably do, since the potential 
shows no variation so long as the current density remains constant),* 
we obtain the relation: rate of formation of active nitrogen = = 

rate of decomposition = where T) is the current density and C 
the concentration of active nitrogen. If is the measured E.M.F.y 
we getf P=a+&logi), where « and h are constants. The 
following table shows the experimental values of the E M.F, in 
Series II, the values read from a smoothed curve drawn through 

* In the four series of readings given, the actual values of the potential 
in the different series are not the same for a given current density. This 
variation is due to differences in the solutions, and is not observed in a 
solution of definite composition. 

t By substituting C=kiDlko in the expression P-k + 61og c, and collecting 
the constant terms. 
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the figures enclosed in brackets, and the values calculated by means 
of this expression : 

E,M.F. 



'' 

Bead from 


CJ). 

Measured. 

smoothed curve. 

Calculated. 

(4070) 

(0-493) 

(0-493) 

(0-493) 

4244 

0-506 

0-512 

0-612 

4285 

0-516 

0-516 

0-616 

4377 

0.528 

0-626 

0-626 

4541 

0-540 

0-542 

0-642 

4670 

0-552 

0-554 

0-664 

4818 

0-661 

0'568 

0-568 

4992 

0-581 

0‘584 

0-584 

5167 

0-590 

0-598 

0-698 

(5362) 

(0-615) 

(0-615) 

(0-616) 

5546 

0-635 

0-630 

0-630 


The agreement between the observed and calculated figures is 
satisfactory, and probably indicates that the assumptions made are 
in the main correct. It is interesting to note that the above ex- 
pression does not fit the curve obtained in Series I, where the solu- 
tion was being decomposed catalytically during the observations, 
but that if a third constant (representing a constant additional 
supply of active nitrogen) is introduced, the agreement becomes 
good. 

An attempt was made to obtain some idea of the rate at which 
the active nitrogen is decomposed in contact with the electrode. 
An azide solution was electrolysed in such a way that the gas 
accumulated in bubbles under the anode. On breaking the decom- 
posing current, the potential fell at first so rapidly that it could 
not be followed, and dwindled to zero in about thirty seconds. A 
similar experiment with chlorine showed that the potential fell by 
0*2 volt in twenty minutes, and a hydrogen electrode by 0-06 volt 
in the same time, so that the result with nitrogen cannot be 
explained by diffusion. 

The only reference to any peculiarity in the chemical properties 
of the nitrogen obtained by electrolysing an azide appears to be 
in a paper by Browne and Luudell (/. Amer. Chem. Soc.^ 1909, 31, 
435), who electrolysed a solution of potassium azide in anhydrous 
azoimide at - and, on the occasions when their apparatus was 
not shattered, observed that the gas evolved at the anode attacked 
mercury. Apparently, therefore, the active nitrogen is much less 
rapidly decomposed at a low temperature. 

Central College, 

Bangalore, S. India. [Received, March Zrd, 1919.] 
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LII . — A Chemical Investigation of Banded Bituminous 
Coal. Stu^dies in the Composition of Coal/^ 

By Frederick Vincent Tideswell and Richard Vernon 
Wheeler. 

It is, and iias been since pit-coal first, became an article of daily 
use, a matter of common observation that any lump of bituminous 
coal taken haphazard is almost certain to exhibit, in a more or 
less marked degree, differences in the texture of its surface which 
give it a banded appearance, the bands being alternately dull and 
bright. 

The subject of the banded appearg-nce of bituminous coal has 
recently been treated in a more exact manner than heretofore by 
Stopes {Froc. Moy. Soc., 1919, [2?], 90 , 470), \Chose observations 
can be briefly summarised as follows. 

She distinguishes, not merely “dull” and “bright” bands, but 
four distinctive portions forming the mass of an ordinary 
bituminous coal. The four portions can be recognised and 
separated from each other both macroscopically and microscopio 
ally in thin sections. These four ingredients were provisionally 
named by Stopes; 

(i) Fuaain. The equivalent of “ mother -of -coal,” “ mineral -charcoal,” 

etc., of various authors. 

(ii) Durain. The equivalent of “dull” hard coal of various authors; 

the “ Mattkohle ” of the Germans. 

(iii) Clarain. ! Together the equivalent of “bright” or “glance” coal of 

(iv) Vitrain. j various authors ; the “ Glanzekohle ” of the Germans. 

These show various differences in character, and, in particular, 
markedly distinct microscopical features. 

Microscopical and palaeobotanical study has thus been able to 
distinguish between four visible ingredients in banded bituminous 
coal, and to ascribe to each a character essentially different from 
the others as regards the appearance and probable nature of the 
materials of which it is composed. As a corollary to this work, 
we have undertaken to determine to what extent, or if at all, the 
four ingredients differ amongst themselves in their chemical nature 
as ascertained by ordinary methods. 

So far as we are aware, the only previous detailed attempt to 
relate the texture with the chemical composition of a coal is that 

* The work by Dr. M. C. Stopes, the reference to which is given below, 
forma No. I of this series of researches. 
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by Grout {Econ. Geol., 1911, 6, 449), who made a careful study 
of selected parts of a black lignite or sub-bituminous coal from 
Gorham Mine, Marshall, Colorado. Several references are to be 
found, it is true, to the difference in composition between a sample 
of ‘'mother-of-coal” (fusain) and the coal with which it was 
associated; and there has been a tendency on the part of some 
writers to confuse fusain, which may occur in bands or layers, but 
is just as often present in coal in numerous very small pockets, 
with “duir' or ‘"matt'’ c 9 al (durain) (see, for example, Strahan 
and Pollard, Mem, Geol. Surv. Engl. Wale», 1915, 6, 91). 

We do not propose to discuss the reason for the gross difference 
that undoubtedly exists between the chemical composition of fusain 
and that of coal, but to reserve such a discussion for a future 
memoir, since it belongs more properly to a disquisition on the 
mode of formation of the coal conglomerate. Our immediate con- 
cern is with the more subtle differences in composition that can 
be presumed to be correlated with the characteristic appearances 
of vitrain, clarain, and durain. 

The coal chosen for this research was, for obvious reasons, one 
of those used by Dr. Marie Stopes for her investigations, namely, 
the Thick Coal, Hamstead Colliery. We are indebted to her for 
volunteering the task— a laborious one requiring much care — of 
providing supplies of each macroscopically distinct ingredient, free 
from the others, sufScient for chemical examination. The total 
supply was obtained from blocks of coal collected within a few cm. 
of each other in the same portion of the seam. 

The fusain was obtained as a powder by scraping lightly with 
a knife at such cleavage surfaces as had wedges of the material 
on them. The durain was obtained as small blocks or broken 
bands by splitting off from it all bright streaks. To obtain the 
durain reasonably pure, it was necessary to split the coal con- 
siderably; although prepoTideratingly dull in appearance, a few 
bright streaks of hair-like fineness remained in it. In contrast to 
the brittle, powdery fusain, the durain is firm and hard. 

Clarain preponderated in the sample. It is throughout banded 
finely with rather brighter and rather duller portions, but in 
general it has a subdued surface lustre when viewed broken at 
right angles to the bedding plane, which is distinct from the matt 
surface of the durain. 

Vitrain is a conspicuous feature in a block of this coal. It was 
separated as small splints and cubes through the ready breaking 
up of its layers. The vitrain runs in horizontally extended bands 
varying from 1 to 6 mm. in thickness. Unlike the clarain, a single 
band does not show banding within itself, but the face at right 
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angles to the bedding plane is uniformly and brilliantly glossy, 
and instead of the usual cleavage the frac^^ure tends to be 

conchoidal. 

The methods of chemical investigation employed for each of the 
four ingredients have been: proximate and ultimate analysis; the 
action of solvents and of reagents; and destructive distillation in 
a vacuum, with examination of the gaseous and liquid products. 
A tabulation of the results obtained, so far as they admit of tabula- 
tion, is given later. Some description is first required of the 
different operations, further details of which are given in the 
experimental portion of the paper. 

The Action of Solvents , — Extractions were made in Soxhlet fat- 
exiraction apparatus, using from 1 to 10 grams of material ground 
CO as to pass through a 200 x 200 mesh sieve. 


(1) Pyridine: 

' Vitrain. 

Extract, per cent, on ash- 
free, dry coal 34-4 

Colour of solution Dark red. 


Clarain. 


Durain. 


Fugain. 


27-2 21-6 10-1 
Dark red. Brownish-red. Brown. 


(2) Chloroform Extraction of Pyridine Extract . — One gram of 
each of the dried extracts of vitrain, clarain, and durain was ex- 
tracted with chloroform during two days. Extraction appeared to 
be complete after twelve hours. The percentage of the pyridine 
extract soluble in chloroform was with vitrain 27, with clarain 30, 
and with durain 40. 

From these results, the percentages of a-, and y-compounds 
present in the coal (see Stopes and Wheeler, "Monograph on the 
Constitution of Coal," 1918) can be calculated as follows : 


R-Compounds (insoluble in pyridine)... 
^'Compounds (soluble in pyridine, 

but insoluble in chloroform) 

7 -Compounds (soluble in both pyridine 
and chloroform) 


Vitrain. 

Clarain. 

Durain. 

66-8 

72-8 

78-4 

25-0 

19-0 

130 

9-2 

8>2 

S-6 


Samples of vitrain and durain were extracted direct with chloro- 
form and with ethyl alcohol ; the percentages extracted are 
recorded in table V. 

The Action of Peagents. (1) Alcoholic Potassium Hydroxide . — 
This reagent has been used by previous workers to determine the 
quantity of iilinin compounds present in a coal. The substances 
removed are no doubt nlmin compounds, but all such compounds 
are not necessarily soluble in aqueous or alcoholic potassiuiu hydr- 
oxide (Stopes and Wheeler, loc. cii .) ; it is better, therefore, simply 
to record the fact that a certain portion of a coal is soluble in the 
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reagent, without attempting to draw any conclusion therefrom as 
to the total percentage of ulmiu compounds present, 

A modification of Hart’s method of treatment {Chem, Zeit., 
1907, 31 , 640), in which the reagent is maintained at 80°, was 
used in the first instance, the results being : 

Vitrain. Clarain. Durain. 

Soluble in hot alcoholic potassium hydroxide ; 

per cent, on ash-free, dry coal 6*1 5*4 3*8 

Stopes had observed thajb in the cold this reagent seemed to 
have a peculiar effect on vitrain, causing small lumps to acquire 
the consistency of hard cheese or soap,” so that thin flakes could 
be cut from it with a razor, whilst in untreated coal vitrain 
is hard and resistant to a cutting edge. It seemed- desirable, there- 
fore, to determine whether prolonged treatment of the powdered 
coals in the cold would result in greater quantities passing into 
solution. The percentages removed after eight weeks of such 
treatment were: 

Vitrain. Clarain, Durain. 

5-7 5-2 3-6 

The softening or loosening action of the alkali observed by 
Stopes would thus appear to be caused by the removal of some 
binding material from the coal conglomerate; the ulmin com- 
pounds have been credited with a binding or cementing action. 

' (2) Iodine.— HiQ absorption of iodine by coal may be regarded 
as giving an approximate measure of the proportion of unsaturated 
compounds present. 

Before treating the four ingredients of banded coal, preliminary 
trials were made with other coals to determine the conditions of 
test most likely to yield accurate comparative results These trials 
showed that iodine absorption by coal is very slow and may con- 
tinue for a long time. It was, in 'fact, found to be impracticable 
to determine the maximum amount of iodine that can be absorbed 
by coal, for the absorption varied with the conditions, and more 
particularly with the length of duration of test. Tor example, 
Wijs’ solution (iodine chloride in solution in glacial acetic acid), 
although causing about four times the absorption given by aqueous 
iodine, yet did not appear to be within measurable distance of 
giving a final value after twelve hours. 

In recording the results that follow, it is necessary to distinguish 
between "permanent” and "temporary” absorption of iodine (see 
p. 635). The results given are strictly comparative, each of the 
four components of banded coal being treated under identical 
conditions. 
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Table I. 

Iodine Absorbed per cent, by Weight on Ash-fr^^ Dry Coal. 

Duration Temporary, 

of (Released on. keeping.) Permanent. 

treatment. ! '. * 

Vitrmn. darain. Durain. Fnsain. Vitrain. Clarain. Durain. Fusain. 


]. 

6-4 

7-6 

4-1 

0-7 

8-6 

6-9 

6-8 

2-1 

3- 

7-9 

8-3 

5-5 

0-7 

14-3 

11-8 

12-3 

3-6 

6. 

9-3 

9-7 

6-8 

1-4 

16-5 

16-0 

130 

2-9 

24. 

107 

10-4 

8-9 

2-1 

22-8 

23-6 

17-8 

4-3 


These results were obtained with aqueous iodine (iV/10 in 
potassium iodide solution). .With Wijs' solution, the following 
quantities of iodine, calculated as percentages on the ash-free, dry 
coals, were absorbed during six hours : 

Temporary. Permanent. 

yi train. Clarain. Durain. Fusain. Vitrain. Clarain. Durain. Fusain. 

18-6 20-8 17*1 8-6 67-9 63-2 51-3 4-3 

Destructive Distillation. Gaseous Products. — The procedure 
adopted for the examination of the gaseous products was that of 
fractional distillation in a vacuum. In this manner, the ranges 
of temperature over which decompositions occurred, with the pro- 
duction of one or other of the usual constituents of coal-gas in 
predominant quantity, became manifest. With each of the four 
ingredients of banded coal, decomposition, as evinced by the evolu- 
tion of gases in any quantity, did not become marked until a 
temperature of about 350° was reached, although slight decom- 
position occurred with each at a temperature of 300°. At 200°, 
with all except fusain, a trace of gas was evolved, together with a 
little liquid having an odour of light petroleum. 

The tabulated results of the distillations are as follow ; 

Table II. 

Vitrain. 

Temperature 0-300 300-350 350^00 400-i50 450-500 .500-550 550-600® 

Vol. of gas at 

y.T.P, evolved 


per gram of coal, 
e.c 5-0 

G-2 

22-5 

25-9 

37-4 

49-8 

52-0 

Analysis, per cent. 

8-3 

12-0 

8-8 

2-2 

0-7 

nil 

nit 

C0o-;-H„!S .... 

!58-3 

20-4 

7-3 

3-3 

2-3 

M 

M 

0 : 

0-5 

0-4 

nil 

nil 

nil 

nil 

nil 


IS 

4-8 

4-8 

1-9 

0-4 

nil 

nil 


21-7 

2()-8 

14-8 

15-1 

150 

11-3 

12-1 

E. 


2-S 

9-7 

35-2 

59-8 

80-1 

82-2 



S-0 

38-8 

55- 1 

12-3 

21-8 

7-5 

4-0 

Ratio 'a A 
explosion 
paraffins .. 

on 

for 

1-60 

1-56 

1-80 

1-85 

1*95 

2-00 

2-00 
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Table II. {continued). 
Glarain. 


Temperature 0—300 300—350 350-400 40(V-460 450—500 500—550 550- 600*^ 


VoL of gas at 
N.T.P. evolved 
per gram of coal, 
c.c 

4*5 

5-4 

19*8 

23*0 

35*0 

35-7 

500 

Analysis, per cent. 



9-0 

100 

9*0 

2-3 

0-9 

nil 

nil 

COo+H^S .... 


68*5 

24*5 

10-6 

6*3 

4*0 

14 

1*3 

Oo' ‘ 


0*5 

0*3 

trace 

nil 

nil 

nil 

nil 




1-5 

4*2 

4*6 

2-0 

0*3 

nil 

nil 

OO 


21*0 

21*6 

14*4 

14*5 

14*0 

11*9 

12*3 

Ha 


— 

3*0 

9*3 

33*0 

58*5 

76*0 

80*0 



Ratio GjA 
explosion 
paraffins . . . . 


7*5 

34*4 

52-1 

41*9 

22*3 

10-0 

6*4 

on 

for 

1-52 

1*60 

1*71 

1*80 

1*90 

2-00 

2*00 


Durain, • 

Temperature 0--300 300—350 350—400 400—450 450—500 500—550 550-600° 

VoL of gas at 
N.T.P. evolved 
per gram of coal, 

ac. 3-55 54 154 18-9 31-0 30-0 35-8 

Analysis, per cent. 


11-6 1L7 2*5 L8 nil nil 

CO-^+aS 58*7 28-3 13*8 9*2 6*7 6*2 2*0 

0./ r 0-6 04 0*1 iiil nil nil nil 

C.jl, 1-0 3-3 4*3 2-1 0*3 nil nil 

CO 19*3 19-1 124 13*5 15-0 164 12*6 

H, nil 3*0 7*7 32*1 56*6 62*7 77*0 

7*3 29*8 500 40*6 19*6 14*7 84 

Ratio CIA on 
explosion for 

paraffins 1*40 1*45 1-70 1*85 1*95 2*00 2*00 


Fusain. 

Temperature 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 


Temperature 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 

VoL of gas at 
N.T.P. evolved 


per gram of coal. 

c.c 

1-8 

2*0 

7-5 

12*0 

17-5 

22*0 

35*0 

Analysis, per cent. 

C | Hj -}- C.nILnn 

11*5 

8*9 

7-5 

2*8 

1*8 

0*7 

ml 

ca + H,.s 

56*4 

38*0 

20*0 

114 

8*2 . 

64 

3*8 

Oa : 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

C^Hi 

2-3 

3*5 

3*0 

2*2 

0*7 

0*2 

nil 

CO 

20*8 

20*1 

16*0 

15*8 

18*1 

17*2 

13-3 

Ha 

nil 

2*4 

10*0 

22*6 

38*4 

.56*7 

73*9 



3*0 

23*0 

42*3 

45*2 

32*8 

18*5 

90 

Ratio GjA on 

explosion for ^ 

paraffins 

1*25 

1*42 

1*60 

1*82 

1-90 

2*00 

2*W 



INVESTIGATIOK OF BANDED BITlXmNOTIS COAL. 625 


111 Figs- 1 and 2 are shown the volumes of individual gas«? 
i)lotted against the temperatures at which they were evolved. The 



100^ 200^ 300*^ 400“ 500“ 600“ 

Temperature, 


; curves thus obtained show clearly the various stages of decomposi- 
tion of the coal. 

^destructive Distillation, Primary Liquid Products . — Only 
vitrain and durain were submitted to destructive distillation with 
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a view to examine the primary liquid products. Of fusain, an 
insufficient quantity was obtainable, whilst it seemed probable that 
the behaviour of clarain could be deduced from that of the other 
two components of banded coal, which would, at all events, afford 
the maximum degree of contrast. The records of the distillations 

are as follow. • 

Vitrain. May 1918.— The apparatus (see p. 636) having 

been exhausted of air, heating was begun at 2.0 p.m., the tempera- 
ture being raised slowly to 100°. This temperature was main- 


Fig. 2. 



tained until noon on June 3rd. Water collected in the cooled 
receivers. June Zrd . — ^The temperature was raised gradually tc 
300°. Water and a little gas were evolved as the temperaturf 
increased. Oils began to appear at 300°. June 4<A. — Increase oi 
temperature was continued very slowly from 300° in order to deter 
mine the point at which active decomposition began. This wa; 
found to lie between 350° and 360°, over which range there wai 
a rapid evolution of gas, water, and oils. Throughout the day tb 
temperature was raised slowly to 400°. Viscid red oils began t( 
appear at 390°, and their quantity increased with increasec 
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temperature up to 455° (June 5th). June bth Ith. The 

temperature was raised, in stages of 25°, up to 550°. A rapid 
evolution of gas occurred at each successive increment of tempera- 
ture, but there was no further appreciable production of oil or 
tar above 460°. 

Durain. June 14fA.—Heating begun, the temperature being 
raised slowly to 100° and the water that was driven off collected. 
The temperature was maintained at 100° overnight. June 
\hth nth. Temperature raised to 150°; very little more water 
was collected. Temperature raised slowly from 150° on the morn- 
ing of June 17th; at 11.45 a.m,, the temperature being 250°, 
water made a reappearance in quantity in the distillates; at 
12.45 p.m., temperature 300° oils began to collect in the receivers, 
but the evolution of gases was small. The rate of production of oils 
increased steadily with increased temperature without a correspond- 
ing increase in the quantity of gases; between 350° and 360° the 
rate of evolution of gases increases slightly, but there was no 
marked decomposition point until the range 370—380° was reached. 
hne 18tA— 24^A.— The sequence of events as the temperature was 
raised gradually to 550° was the same as with vitrain, except that 
a notable evolution of wat^r occurred at 450°. As with vitrain 
there was but little production of oil or tar above 480°. 

The mam products of the distillations, calculated as percentages, 
by weight, on the ash-free, dry coals, may be tabulated as follows : 

Table III. 

Vitrain 

Eesidue (ash-free) 79-0 

Water of decomposition ... 6*7 

Tar^ndoils 

Gas (by difiorence) 8-7 

From the tar and oils there were obtained on distillation ; 

Oils 3.6 4.0 

The oils were composed of : 

Phenols 2-2 j.g 

Neutral oils 1*4 2-4 


Durain. 

79-0 

5-8 

8*0 

7*2 


The residue remaining in the retort in each instance consisted 
of loose particles little different in appearance from the original 
Ktatenals. With durain there were slight indications of coherence 
of some of the particles; no coherence could be observed with 
vitrain. With the latter there was a shrinkage in volume amount- 


ing to about 25 per cent, of that of the original coal; with the 
foniier, the shrinkage was only about 10 per cent. 
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P. 

E xaniiHutioTi of the Liquid DutilUitcs , — Owing to tho small 
quantities obtained, it was not possible to make a complete ex- 
amination of the fractions collected at different temperature^. Up 
to 150^, with both vitrain and durain, the distillates consisted of 
water; both were neutral and colourless and free from oils and 
organic or mineral salts. 

The distillates obtained between 150° and 300° were aqueous, 
with traces only of hydrocarbon oils. They fumed strongly in air, 
and were found to be concentrated solutions of hydrochloric acid. 
There was evidence of the presence of compounds of the polyphenol 
type in traces. 

The aqueous portions separated from the distillates between 
300° and 500° were also strongly acid (hydrochloric acid). On 
adding excess of potassium hydroxide, the vitrain distillate evolved 
an inflammable gas, strongly alkaline and with an odour like that 
of methylamine, whilst the durain distillate evolved a strongly 
alkaline gas, not unlike pyridine in odour. No ammonia could be 
detected in either distillate. Colour reactions for polyhydric 
phenols were again noted. 

The method of examination of the tar and oils was, for both 
vitrain and durain, to mix together the fractions obtained at 
different temperatures and distil them under reduced pressure. 
The oils obtained were treated with solutions of sodium carbonate 
and potassium hydroxide to remove phenols, with hydrcKihloric 
acid to remove traces of bases, and finally with water. The phenols 
were liberated from their alkaline solution and distilled, as were 
the neutral oils. The results are best shown in parallel columns. 


Table IV. 


Vitrain. 

Below 250* (40 mm.) 64 per cent, 
of the tar distilled without de- 
composition. At 250° decomposition 
began. The oils that passed over at 
that temperature began to solidify on 
cooling. 


Durain. 

Below 300° (25 mm.) 60 per cent, 
of the tar distilled without decom- 
position. Above 260° the oils coming 
over began to solidify on cooling. 
At 300° decomposition began with 
evolution of H51. 

The oils were poured off from the 
solid distillate. 


Examination of the oils showed: 


Soluble in dilute Na^CO* solution 

Soluble in 15 per cent, KOH solution ... 

Soluble in HCl 

Neutral oils 


Vitrain. Durain. 
lOpercent. 

traces traces 
40 per cent. 60 per cent. 
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Table IV. (continued). 
Ej^minaUon of the phenols showed ; 

Vitrain. Durain. 


Tl»« sodium carbonate solution con- 
tained polwhenols (o-dihydroxy). 
'fho phenols liberated from the 
potassium hydroxide solution gave 
on distillation : 

(1) 50 per cent. boiling at 

200 - 212 ®. 

(2) 25 per cent. boiling at 

260-280°. 

(3) 25 per cent, residue. 

Fraction (1); C=76-96; H-7<76. 

Dj; 1.025. 

Fraction (2): 0=78-12; H = 7-70. 
Very viscous. 


The total phenols on distillation 
gave : 

(1) 25 per cent, boiling at 200-220°. 

(2) 25 per cent, boiling at 240-280°. 

(3) 50 per cent, residue. 

Fraction (1): 78-49; H=8-G7# 

Fraction 80-86; H=7-91. 

Very viscous. 


Examination of the neutral oils showed : 

Vitrain. Durain. 

Distilled almost completely at Distilled almost completely at 
160-320°. ' 160-340°. . 

0=85-86; H = 9-91 {C+H = 95-8). C = 85-44; H=10-39 (C+H=95-8). 

Charring with cold sulphuric acid 
left only about 10 per cent, of 
saturated hydrocarbons. 

It will be noticed that the phenols derived from both coals fall 
into two well-defined groups, the first distilling at 200 — 220° the 
second at 240 — 280°. The first group, in their constants and 
analyse>s, in their colour reactions with ferric chloride and other 
salts (aqueous and alcoholic), and in their phthalic anhydride con- 
densations, agreed with the lower simple phenols, and were pre- 
sumably cresols and xylenols. There was evidence also of the 
presence of some more complex phenol, or phenol ether, perhaps 
guaiacol. The second group gave pronounced colour reactions of 
the polyhydric phenols, and more particularly of the o-dihydroxy- 
benzenes, but probably consisted mainly of condensed products. 
Protocatechuic acid, or a similar compound, was present in the wash- 
ings from the phenols before their final distillation. This decom- 
poses normally at about 200°, but may easily have escaped decom- 
position under the conditions of the distillations. Durain gave a 
more complex mixture of phenols than vitrain. 

The distilled neutral oils from both coals were very similar, 
yellowish-brown oils. They did not consist exclusively of hydro- 
carbons, and the proportion of saturated hydrocarbons was low, 

VOL. CSV. B B 
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Paraffin wax was obtained in quantity from the higher boiling 
fractions of each tar. 

The general analytic results can be summarised as follows : 


Table V. 


€, 


Density 

Vitrain. Clarain. 
1-290 1-280 

Durain. 

1-395 

Fustun. 

Ultimate analysis. — Per cent, on 
ash-free, dry coal : 

Carbon 

78-5 

79-1 

80-8 

84-7 

Hydrogen 

5-15 

5-2 

5-1 

3-9 

Oxygen 

13-9 

13-4 

11-8 

9-7 

Nitrogen 

1-33 

1-28 

1-3 

1-05 

^ Sulphur 

M2 

1-02 

1-0 

0-05 

Proximate ancHysis : 

Moisture, per cent 

12-6 

10-2 

6-5 

3-9 

Ash, per cent 

1-2 

1-45 

3-6 

10-0 

Volatile matter, per cent, on ash- 
free, dry coal 

38-6 

40-8 

39-4 

22-6 

Extractions. — Per cent, on ash-free, 
dry coal : 

By pyridine 

34-4 

27-2 

21-03 

101 

• By alcohol 

6.6 

5-7 

3-1 

— 

By chloroform 

2-85 


2-4 

— 

Pyridine extract soluble in chloro- 
form, per cent 

27-0 

30-0 

40-0 



Percentages of a-, and 7-com- 

pounds in the coal : 
a- Compounds 

65-8 

72'S 

78-4 


3- 

25-0 

19-U 

130 

— 

7* .. 

9-2 

8-2 

8-(i 


Action of reayents. — Per cent, on ash- 
free, dry coal : 

Solubility in alcoholic potass- 
ium hydroxide : 

(1) Hot 

6-1 

0'4 

3-8 


(2) Cold 

5-7 

5-2 

3-6 

— 

Iodine absorption (permanent) : 
AT/lQ-aqueous iodine, in 24 
hours 

22-8 

23-6 

17-8 

4-3 

Wijs’s solution, in 6 hours . . . 

67-9 

63-2 

51-3 

4-3 


The general impression created by an examination of the results 
recorded in this table is of a gradation of properties as we pass 
from vitrain to durain. Pusain, as already noted, stands apart in 
its character from the other three ingredients of banded coal. The 
ultimate analyses show a steady rise in carbon and fall in oxygen 
content in the order (1) vitrain, (2) clarain, and (3) durain, and 
this order is maintained with practically every property investi- 
gated. 
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Thus there is a regular reduction in moisture content and increase 
retention of moisture by vitrain most 
colloidal nature, indicated by the 
^ncho^ fracture and Ihe absence of any recognisable structure 
ash content ^y to a certain extent affect the surface lustre of 
the coal. Inde^, from chemical examination alone, one might be 
tempted to say that durain is durain because it is rich in ast but 
It IS clear from the work of Stopes that the decisive flctor 
jffectmg the lustre is the presence or absence of plant structure. 
^0 doubt there 13 a direct connexion between the ash content of 
a coal and the presence of plant remains therein. 

The results of extractions both by organic solvents and bv 
ilcohohc potassium hydroxide exhibit well the gradation in proper- 
ties from vitram to durain; they also suggest a lack of homogeneity 
m vitraiu not evident from microscopical examination. The fact 
that both vitrain and durain (and, it may be assumed, clarain also) 
contain nearly the same proportions of y-compounds is striking. 
The chief difference between the ingredients of banded coal, as 
revealed by the action of pyridine and chloroform, lies, therefore 
in the amounts of a- and ^-compounds present. If, as has been 
suggested, the action of pyridine is mainly a mechanical loosening 
of the structure of the coal conglomerate, the a- and ll-compounds 
may actually be, as from their chemical behaviour they appear to 
he, essentially similar in character. From this point of view the 
mam difference between vitraiu and durain would be a physical 
one, and -would lie in the ease with which their (colloidal !) struc- 
tures are disintegrated. The fact that the action of chloroform 
dirret on the c^ls is to remove much smaller proportions of soluble 
mstter than when an attack is first made with pyridine is in agree- 
JBent with this suggestion, ® 

^cohol appears to dissolve a portion of the coal conglomerate 
unaffected by chloroform-possibly the “resins,” using the word 
m lb strictest sense. It is noteworthy that the proportions dis- 
solved are higher than ,s usual with bituminous coals 

Perhaps the m^t striking evidence of gradation in properties 
of fc four ingredients is afforded by the destructive distillations 
r gaseous products (see table III and Figs. 

and 2), The volume-temperature curves obtained for the 
|« mdua gases run nearly parallel, each to each, there being a 

Enmg a^/oo? 

°! evolved 

with r are greatest with vitrain and least 

sain, clarain and durain occupying intermediate positifns. 

B B 2 
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The analyses of the gases evolved from each at any given t«Dapera- 
tur© interval are very similar; it is their quantity that differs. 
The difference between the coals — ^between vitrain and dumn, for 
example — is therefore not such as exists between and 

y -compounds, which yield distinctive gaseous mixtures on destruc- 
tive distillation, the former being rich in hydrogen and the latter 
rich in paraffins (Clark and Wheeler, T., 1913, 103 , 1704). Thd 
parallel volume-temperature curves show that for each of the four 
components of banded coal the relative production of hydrogen 
and paraffins is approximately the same, indicating that each con- 
1 ains similar proportionate amounts of the two characteristic 
ingredients of coal, namely, a- and jS-compounds (regarded together 
as being similar in their behaviour on destructive distillation) and 
y -compounds. 

For carbon dioxide, the same order is preserved up to 400°, hut 
Ifi reversed at higher temperatures. With fusain, the evolution 
of carbon dioxide is constant for each interval of 50° between 
350° and 600°. 

On comparing the records of the distillations conducted on a 
larger scale with vitrain and durain, it will be seen that in general 
durain required higher temperatures to resolve it. Vitrain had 
a well-defined decomposition point at 350 — 360°, with a rapid 
evolution of gas and oil, whilst the decomposition point of durain 
was less well marked at 370 — 380°, Moreover, all the tar obtaiu- 
able from, vitrain had distilled over before a temperature of 460° 
was passed, whereas with durain tar was still produced at 480°. 

Vitrain yielded less tar than durain, the same amount of residue, 
but more water of decomposition and more gas. The tar Iroiii 
vitrain yielded less pitch than that from durain, the quantity of 
oils finally obtained from the two coals being nearly the same. A 
difference between the distillates further appears in the character of 
the oils. 

The high proportion of phenols in the tar oils, and the 
oxygenated character of the neutral oils, which contained but little 
saturated hydrocarbons, is noteworthy. Jones and Wheeler (T., 
1914, 105 , 140) found from 12 — 15 per cent, of phenols in the tar 
oils from a Durham bituminous coal, and later (T., 1915, 107 , 
1318) showed that these were produced exclusively from the 
“cellulosic” (a- and 0-compounds) portion of the coal. The large 
proportion of phenols in the tar oils from the Hamstead coal used 
in the present research (50 per cent.) is due to the nature of the 
coal, wliich is highly oxygenated (10 — 13 per cent, of oxygen), a 
fact which also accounts for the oxygenation of the neutral oils. 

It is not possible in the present state of ignorance of the chemical 
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composition of coal to draw precise conclusions regarding any 
diSerence in constitution that may exist between vitrain, clarain, 
and durain. The chemical data obtained point to the differences 
that d^ght be expected to accompany the obvious difference in 
physical character being of degree rather than of kind. No 
characteristic reaction or behaviour for any one of the components 
of handed coal, such as might be expected were there a funda- 
mental difference in the chemical composition of the coals, was 
disclosed. 

The analytical results indicate for clarain a composition 
approximately one-third the way between vitrain and durain. It 
is interesting to find, therefore, that as we pass from vitrain to 
durain, the ^'reactivity’' of the coal (that is to say, the extent of 
its susceptibility towards solvents and reagents) diminishes in the 
ratio vitrain :<jlarain : durain = 1 : 0*9 ; O' 7. This relationship applies 
also to the results of destructive distillation (except as regards the 
proportions of carbon dioxide evolved). 

Such a relationship can be explained on the assumption that the 
coals are composed of a ''reactive'' group of compounds, together 
with a relatively “inert” material. The former alone is attacked 
by solvents, responds to reagents, and yields the main bulk of the 
gases and tars on distillation. The latter is chiefly responsible for 
the evolution at the higher temperatures of carbon dioxide on 
destructive distillation, and perhaps also for the neutral oils. It 
is clear, also, that the “ reactive ” group of compounds must con- 
tain more oxygen and less carbon than the “ inert.” 

On this assumption, vitrain, clarain, and durain are similar as 
regards the composition of the “reactive” material they contain, 
as is shown by the approximate constancy of the ratios of 
"reactivity,” but differ in the proportions of “reactive” and 
"inert” constituents they contain; it is conceivable, also, that the 
character of the latter varies, though a consideration of the ultimate 
and proximate analyses of the three ingredients does not point to 
this being so. 


Sumtnari/. 

In the banded Hamstead coal investigated, the ingredients 
(leaving out of account fusaiu) show differences which grade them 
ill the sequence vitrain, clarain, and durain. This sequence is 
evidenced in the fall in the moisture- and rise in ash-content; in 
the increase of carbon- and decrease of oxygen-content; and in the 
diminishing “ reactivity ” towards solvents, reagents, and heat 
treatment. 

Whilst making clear interesting differences which would scarcely 
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have been expected from portions of coal so immediately adjacent 
in the same seam, the work has not revealed the presence of 
essentially distinct types of chemical compounds peculiar to any 
one of the ingredients of banded coal. 

That portion of each ingredient responsible for the reactions 
observed appears to be of nearly constant composition. It is 
suggested that the difference between the ingredients Ues^ in the 
proportion of “ inert '' or unresponsive material with wWch this 
“reactive” portion is associated. If a given weight of vitrain be 
assumed to contain a; parts by weight of “reactive” material, the 
same weight of clarain would contain O'^x and of durain 0-7a: 
parts. 

Correlation of the microscopical with the chemical and othei 
data available respecting banded bituminous coal is reserved for a 
future communication. 


Experimental. 

The various operations were conducted throughout under con- 
ditions strictly comparative for the four ingredients of the banded 
coal. 

Analyses.— ¥ot the proximate analyses, the methods recom- 
mended by tbe American Chemical Society were employed. The 
ultimate analyses were made in the usual manner, sulphur being 
determined by Eschka’s and nitrogen by KjeldahVs method. For 
the estimation of carbon and hydrogen, the combustion tube was 
packed with copper oxide and lead chromate.^ The four ingredientg 
differed considerably in their behaviour during combustion, fusam 
burning with difficulty in oxygen, whilst the combustion of vitrain 
became uncontrollable, showers of sparks being produced. With 
the latter, it was found necessary to start the combustion very 
slowly in a stream of air, and only to use oxygen towards the end 
of the operation. In each instance, the result recorded is the 
mean of several concordant determinations, ^ • j • 

Each sample used for combustion analysis was dried in air uring 
one hour at 105°. Experiments at present in progress on the rate 
of oxidation of the coals show that such drying would have the 
effect of raising their oxygen content and lowering their carboQ 
content by less than 01 per cent. ; moreover, the amount of alter- 
ation is approximately the same for each ingredient of the handea 

'^The Action of Solvents.— Vnt extractions with organic solvent 
were made in all-glass Soxhlet apparatus, the coals being enclosed 
in thimbles of filter paper or alundum and held in place by plug* 
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of glass wool. Extraction was continued until the solvent passed 
over colourless, and generally for as long again. The coals were 
stirred at intervals, and fresh charges of solvent used from time 
to time. The solution obtained was filtered and distilled, and the 
extract freed from the last traces of solvent by evaporation on a 
watch-glass in a vacuum or in a stream of nitrogen, being finally 
allowed to remain during several weeks in a vacuum over sulphuric 
acid. 

The coals were air-dried (at 105°) for the pyridine (1 gram), 
dried at 105° in the absence of air for the pyridine-chloroform 
(10 grams), and undricd for the alcohol and chloroform (5 grams) 
extractions. The solvents were dry and redistilled. 

The Action of Reaffent ^. — Extractions with alcoholic potassium 
hydroxide were made thus: (1) One gram of coal was heated with 
25 c.c. of O'TiV'-potassium hydroxide in absolute alcohol at 80° 
during eight hours. The solution was diluted with water and 
filtered, and the alcohol evaporated. The ^'ulmin compounds” 
were then precipitated by concentrated hydrochloric acid, filtered 
from the solution, washed with distilled water, dried at 105°, and 
weighed. (2) For extraction in the cold, 1 gram of coal was 
allowed to remain during eight weeks in contact with 25 c.c. of 
4J-potassium hydroxide in 75 per cent, alcohol, with frequent 
shaking. The amount of extracted matter was determined as 
in (1). 

Iodine absorptions were determined by two methods. (1) The 
coal, weighing 0*1 gram, was placed in a 250 c.c. stoppered bottle 
with 25 c.c. of iV/ 10-iodine in aqueous potassium iodide solution. 
The bottle was then shaken mechanically during the required time. 
The residual iodine was titrated with TV’/ 10-sodium thiosulphate 
solution (leaving the coal in suspension), using starch as indicator. 
(2) Iodine chloride in solution in glacial acetic acid was employed 
in place of aqueous iodine, using 10 c.c. of TV’/S-solution with 0‘1 
gram of coal. 

Preliminary work with different coals showed that a considerable 
proportion of the iodine removed from solution by the coal was 
evolved on keeping in contact with sodium thiosulphate solution. 
This evolution was not affected to an appreciable extent by the 
acidity of the solution, and appeared to be of iodine merely 
adsorbed by the coal. The adsorbed iodine was determined by 
adding definite volumes of sodium thiosulphate solution in excess 
at intervals until no further evolution could be detected, the final 
titration being made at the end of twenty-four hours. 

destructive Distilldtion, QQ'Scous PToducts . — The method of 
experiment and apparatus were as described by Burgess and 
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Wheeler (T., 1911, 99 , 639), except that 1 gram only of coal was 
employed without admixture with sand. 

Liquid Products. — The general arrangement of apparatus and 
method of carrying out the distillations were simitar to those 
employed by Jones and Wheeler (T., 1914, 105, 140). In the 
place of the spherical retort used by them, a cylindrical vessel of 
Jena glass, 4 cm. in diameter and 14 cm. long., was employed. 
This form of retort allowed of a more rapid equalisation of 
temperature throughout the mass of the coal than the spherical 
form, and permitted, in consequence, more rapid distillation. The 
coal (about 200 grams in weight) with which the retort was com- 
pletely filled was undried, and was sieved so as to pass through a 
10 and remain on a 60 mesh sieve. It was held in position, when 
the retort was inverted during the distillation, by a plug of glass 
wool. 

Home Office Exp erimental Station, 

Eskmeals. [Received, April ZOth, 1919.] 


LIII . — The Rotatiou-dispersion of Butyl, Heptyl, and 
Octyl Tartrates, 

By Percy Faraday Frankland and Frederic Horace Garner. 

Anomalous rotation-dispersion is exhibited by comparatively few 
optically active compounds in the homogeneous state; such com- 
pounds may be conveniently classified into (1) those containing 
one asymmetric carbon atom, (2) those containing more than one 
asymmetric carbon atom, and (3) those having an absorption band 
in the visible part of the spectrum. 

The first two of these classes and certain members of the last 
class exhibit a remarkable similarity in the influence which 
temperature and solution have on their rotation-dispersion. By 
examination of the circumstances in which these compounds exhibit 
anomalous rotation-dispersion, it is seen that in all cases the com- 
pound he comes y or tends to become, noi’mal in its rotation-dis- 
persion the farther its rotation w removed ftcm the line of zero- 
rotation by the effects of temperature or dilution in solution; that 
is, in all cases the anomaly occurs relatively* near to the line of 
zero*rotation. 

A high temperature -coefficient or dilution -coefficient is thus essential 
to the occurrence of the anomaly. 
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Miicli use has been made in recent years of the so-called “ charac- 
(cristic diagram ” of Armstrong and Walker {Proc. Ray, Soc,^ 1913, 
[4], 88, 388) for representing the phenomena of rotation-dispersion. 
Such a diagram for n-butyl tartrate is drawn in Fig. 1a, in which 
are set out the specific rotations for difierent temperatures for the 
wave-lengths 4861, 5461, 5893, and 6708. It may be pointed out 
that in such a diagram a line is drawn at 45° to the line of zero- 
rotation, and on this line the rotation values for wave-length 5461 
(mercury-green) are set out. Thus, for any given temperature, the 
position of the rotation value for A 5461 is found on this line, and 
on a vertical ordinate through this point are marked the rotations 
at the same temperature for the other wave-lengths. After pro- 
ceeding in the same way for observations made at other tempera- 
tures, the points representing the specific rotations for each wave- 
length are joined up by lines, which are found to be approximately 
straight and to intersect either in a single point or in a series 
of points near the line of zero-rotation. 

In the above case of butyl tartrate, it will be seen that the 
points representing the rotations at the higher temperatures do 
not fall on their respective wave-length lines. This divergence is 
due to the maximal values for specific rotation being reached at 
different temperatures for different w^ave-lengths. The points for 
each wave-length thus cease to lie on a straight line when the 
neighbourhood of the maximum rotation is reached. Thus, in 
Fig. 1a especially is this the case for A 5893 and 6708. Of course, 
all values for \5461 (mercury-green) lie by definition on the line 
drawn at 45° to the zero-line. 

It is obvious that the same diagram may be used for similarly ^ 
recording changes in rotatory dispersion brought about by solution 
and other influences, besides that of temperature. 

The diaracteristic diagram, which thus serves to correlate the 
rotatory powers of many derivatives of similar constitution or of 
the same parent substance, has been successfully used by Pickard 
and Kenyon (T., 1914, 105, 843) to predict the conditions under 
which 0-octyl acetate would exhibit anomalous rotation-dispersion. 

For most, if not all, of the substances described by Pickard and 
Kenyon, the characteristic diagram represents lines (for [a] 43 r,(), 
Wmcu Wmos? in some cases uo. ) which do not intersect 

on the line of zero-rotation, but at some distance either above or 
below this line. If, therefore, the characteristic diagram is really 
indicative of the optical properties of the compounds of which the 
rotation values are plotted, then, obviously, all these compounds 
must have anomalous rotation-dispersion when the rotation assumes 
a value falling between zero and the value of the rotation at the 
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point of intersection of these lines. Pickard and Kenyon, adopt- 
ing the hypothesis of Armstrong and Walker that anomalous rota- 
tion-dispersion is always due to the presence of dynamic isomerides, 
ascribe the anomaly in the rotation-dispersion of some of the com- 
pounds studied by them to the fact that “ the esters at low tempera- 
tures, and methyl-a-naphthylcarbinol at high temperatures, are, or 
tend to become, really homogeneous, as the conditions of tempera- 
ture favour the existence of one only of the two isomeric forms, 
which have been assumed to be present" (T., 1914, 106 , 1119), 
As a corollary of this, it would therefore follow that when optically 
active compounds assume rotation values between zero and that of 
the intersection point on. the characteristic diagram, two dynamic 
isomerides are present. 

As already pointed out by Patterson {Trans. Faraday iSoc,, 1914, 
10 , 74), however, the values of the rotation in the characteristic 
diagram “do not necessarily have anything whatever to do with 
the presence or absence of dynamic isomerides"* the characteristic 
diagram is, in fact, a convenient method of plotting the rotation 
values for different wave-lengths against the rotation value for a 
particular wave-length. It thus affords a test as to whether the 
dispersion -coefficient A[a]Ai/A[a]A 2 * (Winther, Zeitsch. physikal. 
Ohem., 1903, 45 , 373) is constant during the variation of the 
rotation, which may be brought about by (1) changes in the con- 
centration of the active compound in solution, (2) changes of 
temperature, (3) changes of solvent, (4) changes caused by the 
combination of the active compound, and (5) changes caused by 
the substitution of one member of a series for another (really a 
special case of No. 4). By means of this method, in fact, a number 
of isolated observations, made under varied conditions, may be 
co-ordinated in one diagram. 

The "rational zero," advocated by Patterson (T., 1916, 109 , 
1176), when used for calculating the dispersion-coefficient gives 
much more constant values than if the zero of rotation is used for 
this purpose. Moreover, the main features of the characteristic 
diagram are actually summarised by the values of the rational 
zeros and the rational dispersion-coefficients. 

In the case of a single optically active compound, the character- 
istic diagram, in part, eliminates the accidental condition of the 
compound. On the same diagram may be co-ordinated the rotation 
values for different wave-lengths for a compound at different 
temperatures, in various concentrations, in different solvents, and 

* A[alx, and A[a]xa *he corresponding changes produced in the 
rotation for the wave-lengths and Aj respectively, by varying the con- 
dition of the active compound. 
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eveu in some cases in different states of combination; thus the 
characteristic diagram does s^m to justify its name. 

Compounds, the characteristic diagram of which approach the 
ideal represented by the lines for different wave-lengths crossing 
at the same point, have always normal rotation-dispersion ; in such 
cases, the rotation value is generally little influenced by solution, 
change of temperature, and substitution. In such compounds, 
for example, menthol and its derivatives, owing to the limited 
range of accessible rotation values, the rotation-dispersion cannot 
readily be investigated under conditions in which the characteristic 
diagram indicates that it would be anomalous. 

At the other extreme, there are compounds of which the 
characteristic diagram represents lines crossing in a series of points 
some distance from the line of zero-rotation. In these compounds, 
for example, tartaric acid and its esters, the rotation is generally 
markedly changed by the factors of temperature, solution, and 
substitution; in this case, it is comparatively easy to bring the 
rotation to such a value that the fot-ation-dispersion becomes 
anomalous. Between these two extreme types of compounds there 
are, of course, intermediate types. Whilst the characteristic 
diagram does not represent accurately the rotation -dispersion of 
a compound under all conditions (see Patterson, T., 1916, 109, 
1202), it nevertheless presents some advantages over previous 
methods of representation. 

There are many facts which are difficult to explain on the hypo- 
thesis that anomalous rotation-dispersion is an indication of 
dynamic isomerism as postulated by Lowry and others. 

Patterson (T., 1916, 109, 1204) has shown the absurdity and 
incompatibility of many of the hypotheses adopted in constructing 
formulae to explain dynamic isomerism. 

Pickard and Kenyon (T., 1915, 107, 42) have observed instances 
of complex rotation-dispersion with certain menthyl esters ; if this 
is assumed to be due to the presence of dynamic isomerides, the 
existence of a Z-menthyl ester having dextrorotatory power is 
postulated (since to produce anomalous dispersion, two substances 
of opposite rotatory power must be present; see Armstrong and 
Walker, Traivs. Faraday Soc., 1914, 10, 88). The great improba- 
bility of this conclusion is evident from the fact that, at present, 
there appears to be no record of a dextrorotatory Z-menthyl ester. 

Again, compounds of similar constitution are in the one case 
(a) anomalous at high temperatures and normal at low tempera- 
tures, and (6) normal at high temperatures and anomalous at low 
temperatures (but in each case only when the temperature-rotation 
curve approaches zero) ; dimethyl acetyl chloromal ate is an example 

B B* 2 
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of the first and dieUiyl acetylchloroanalate of the second (Walden, 
Zeitsch, 'phydhal. Chem.y 1906, 56, 42); methyl- and hexyl-a 
naphthylcarbinol are examples of the second case, "whilst ncitetra- 
hydronaphthylcarbinol belongs to the first category (Pickard and 
Kenyon, T., 1914, 105, 1115, 2644, 2677). 

A striking confirmation of the above views is found in the results 
obtained by Pickard and Kenyon (T., 1915, 107, 115). The 
1-naphthoate of j8-hexyl-, j8-heptyl-, j3-octyl-, jS-decyl-, and 
;8-undecyl-oarhinols are “simple’'* at high temperatures and 
“ complex ” at low temperatures, the 1-naphthoate of y-nonyl- 
carbinol is “simple” at low temperatures and “complex” at high 
temperatures, whilst the 1-naphthoate of benzylmethylcarbinol is 
“ simple ” at all temperatures. In all these cases, if the compound 
exhibits “complex” rotation-dispersion, this occurs as the tempera- 
ture-rotation curve approaches zero; it is particularly noteworthy 
that, of the above compounds, the only one that is “simple" at 
all temperatures lias a temperature-rotation curve which never 
approaches zero closely. ^ 

The test for “simple” and “complex” rotation-dispersion is 
unfortunately not definite in cases where a compound is “simple" 
at one temperature and “complex” at another temperature; at 
intermediate temperatures, it becomes impossible definitely to 
classify the rotation-dispersion according to these groups. In 
order to illustrate this distinction between “simple” and “com- 
plex” rotation-dispersion, we have drawn a diagram (Fig. 1b) for 
n-butyl tartrate in which 1/cc is plotted against A®. It will be seen 
that whilst the low-temperature lines are curved, this curvature 
diminishes with rise of temperature, and at 165^^ the line becomes 
almost perfectly straight. This signifies that the rotation-dis- 
persion of 7i-buty 1 tartrate is ' ' complex ’ ’ at low, but almost 
“ simple ” at high, temperatures. 

It should be pointed out, again, that a substance of which the 
rotation-dispersion can be represented by the formula 

within the limits of experimental error, that is, is “simple,” may 

* The tenns “ simple ” and “ complex ” are here used instead of normal 
and anomalous because the rotation can be more easily classified into simple 
.and complex ; on plotting the values for 1/a against x®, if a straight line 
results then the rotation-dispersion is simple ; if a curve then the rotation- 
dispersion is complex. It seems advisable to retain the use of both sets of 
terms ; thus a compound is anomalous if a maximum occurs in its rotation- 
dispersion curve, or is normal if no maximum is present. An anomalous 
compound is thus always complex, whilst' a normal compound is simple or 
complex according to its behaaiour when subjected to the above-mentioned 
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not n^sarily conform to this equation with more accurate deter- 
minations of the rotation; for, as Lowry points out (Trms 
taraday Soc., 1914, 10 , 57), quartz, of which the rotation-dis- 
persion, when most accurately measured, requires three such terms 
that is, is complex,” can be represented within the sam« limitl 
of acmracy as are employed in the case of optically active orgcmic 
compounds by the ” simple” formula. It is, in fact, highly prob- 
able that the rotation-dispersion of optically active compounds can 
only be represented accurately by a series of such terms. In 
general, however, the constants in these terms and Xq,.) are 
sufiSciently close together for one term to suffice to express” accu- 
rately enough the rotation-dispersion. When a compound, by a 
variation of temperature or concentration in solution, becomes 
' complex” in its rotation- dispersion, these constants and A „) 
(constants for the rotation-dispersion under one condition, but 
varying from one condition to another) have assumed such values 
in the several terms that these term? --n no longer be united in a 
single term. 

In the present investigation, the rotation -dispersion of w-butyl, 
n-hepfcyl, and ^^octyl tartrates has been observed over a wide 
‘range of temperature and for a number of wave-lengths of hght. 

The polarimeter used was a Schmidt and Haentsch with triple 
field and fitted with their dispersion attachment, the illuminant 
being a Nemst lamp. The prism of the dispersion apparatus was 
calibrated by using the spectrum lines of hydrogen, mercury, and 
sodium; the constants of the prism for the Hartmann fomula 
were calculated from these measurements, and hence the reading 
of the scale corresponding with any desired wave-length could be 
found. Rotations were also measured with sodium light, and these 
were compared with the ^readings obtained with the dispersion 
apparatus when the scale was set at the point corresponding with 
the mean of the sodium lines; in all cases, these readings were 
equal within the limits of experimental error. 

The experimental error is much greater in the violet and extreme 
red than in the middle part of the spectrum, owing to the difficulty 
HI measurement and also to the reduction in luminosity. 

The rotation-dispersion of methyl, ethyl, and propyl tartrates 
has already been investigated for a wide range of temperatures by 
Vinther and Walden. Winther (Zeitsch, physihal. Chem., 1902, 
41, 161) has recorded observations from about 20^^ to 100^,' whilst 
Walden (5er., 1905, 38 , 366) measured rotations from -65® to 
^0®. We have investigated the rotation -dispersion of butyl 
^rfcrafce from 9® to 170®, and of heptyl and octyl tartrates from 
their melting points up to about 170®; it was found that tbe com- 
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pounds decomposed slightly at the higher temperatures, but by 
again taking readings at a lower temperature, it was shown that 
no appreciable change in the rotation had occurred. The readings 
of both Winther and Walden were taken with coloured lights 
obtained by means of light filters j more recently, Lowry and others 
have determined the rotation-dispersion of methyl and ethyl 


Fig. 1. 



tartrates at two or three temperatures for different wave-lengths of 
light obtained from the mercury and cadmium arcs (T., 1915, 107, 
1173, 1187). The temperature- rotation curves of all these esters 
exhibit maxima, and for comparison, in Fig. 1, the temperature- 
rotation curves for sodium light for butyl, g^eptyl, and octyl 
tartrates are given, together with those obtain^ by Patterson (T., 
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1904, 85, 765; 1913, 103, 173) for methyl, ethyl, and propyl 

tartrates. 

In the following table, the temperatures at which a maximum 
observed rotation for different wave-lengths is obtained, are 
recorded for the several members of the series. 

Table I. 

Maxima in Observed dotation. 

Red. Yellow. Green. Blue. Violet. 

A= 665 589 533 488 448 


Methyl tartrate 160® — 180® — — 

Ethyl 140 150® 165 170® 180® 

Propyl 115 120 125 125 134 

Butyl „ 120 125 130 135^ — 

Heptyl 126 130 135 140 — 

Octyl 125 130 135 140 — 



The values for the first three members of the series are taken 
from Walden {loc, cit.) and from Patterson (T., 1913, 103, 149, 
165 ). 

In the temp^tu re-rotation curves for butyl, beptyl, and octyl 
tartrates (Figs.*, 3, and 4 respectively), the maxima in the 
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specific rotation for all wave-lengths lie at temperatures ahtve 
150<^. 

The rotation -dispersion curves for butyl, heptyl, and octyl 
tartrates (Figs. 5, 6, and 7 respectively) exhibit a maximum rota- 
tion at the lower temperatures only. 

The following figures show the effect of ascending the series on 
the rotation of the tartrates. 


Fig. 1b. 



WavC’le^igih square, {X"). 


Table II. 

Jlothvl.* Kthyl.* Propyl.* Butyl. HopLyl. Octyl- 

7-7;1" 1o- 30" 18il5" 1510° 10-88" 10-16’^ 

t,W 6 18 13-70 17-20 lo OO 11-44 10-84 

ll-OO 28-21 40-10 39-34 39-57 39-55 

* Patterson [loc. ciL). 

Thus in the observed and specific rotations th^ is a maximum 
at the propyl member of the series ; but in the Wlecular rotation 
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the curve for the series increases until the propyl member is 
reached, after which it remains practically constant at about the 

Fig. 2. 



value 39*5°. It^ill be noticed that the maxima in the tempera- 
ture -observed -rot* ion figures for the series (see table I) are 
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reached at the lowest temperature in the case of the propyl 
member. 

By reference to Fig. 1, it is seen that the temperature-rotation 


TcnPtffflTuifc • Rotation 

OF 

HEPin T/iUTUftTe 


TempercUnure* 

curves for sodium light for propyl, butyl, heptyl, and octy! 
tartrates are approximately parallel, therefore the maximum in 
the specific rotation occurs at about the same temperature for all 
these tartrates. 
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In iHg. 8, the molecular rotations for various coloured lights 
are shown for the several members of the series for a temperature 
of 100°; the molecular rotation for aU colom remains approxim- 
ately constant after the propyl member is reached. 

Butyl, heptyl, and octyl tartrates are ‘^anomalous” at low 



temperatures, and tend to become ‘^normal” at high tempera- 
tures; this is readily seen by reference to Figs. 2, 3, and 4, in 
which the curves for the shorter wave-lengths cr<KS the curves for 
the longer wave-lengths at low temperatures; the ratio, therefore, 
of any rotation for any wave-length to that for mercury-green 




648 feankland and garner : the rotation-dispeesion of 

(^ = 6461) varies considerably at low temperatures. At higher 
temperatures, the figures in the following table show that the ratio 
tends to become constant. 

Fig. 5. 



4100 6100 6100 OlOd 

Wave -length. 


Table III. 


Butyl t.artrat6 at 21*5° . 

A 

6708 

0*773 

6893 

0*928 

(Mercury 

Green.) 

5461 

1*0 

6086 

1*028 

» „ 41*6 . 


0*768 

0*911 

1*0 

1*070 

„ „ 98 


0*723 

0*892 

1*0 

1*098 

M , 128 


0*707 

0*888 

1*0 

1*119 

„ „ 165 


0*709 

0*888 

1*0 

1*113 

Heptyl tartrate at 168° . 


0*707 

0*886 

1*0 

1*116 

Octyl tartrate at 165° 


0*707 

0*886 

1*0 

1*114 


The ratios for butyl, heptyl, and octyl tartrates for the same 
wave-lengths are approximately equal at the higher temperatures j 
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whilst these ratios are rather high, they are not sufficiently high 
to indicate that the esters are abnormal in their rotation-dispersion. 
On ^0** “simple" and “complex" rotatory dis- 

persion (see footnote, p. 640), however, it is found that at all 
temperatures the rotation -dispersion is complex, but the farther 
the rotation is removed from the zero line by raising the tempera- 


Fio. 6 



ture, the more simple (or less complex) does the rotation become; 
thus at high temperatures the curve 1/a against has only a very 
slight curvature, for example, see Fig. 1b. 

Experi mental. 

The esters were prepared by a modification of the usual hydro- 
chloric acid method of esterification ; four molecular proportions of 
alcohol and one of acid were mixed and saturated with dry 
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hydrogen chloride while the mixture was heated on a water-hath. 
After leaving the mixture for a few weeks, it was again saturated 
with hydrogen chloride, this time in the coldj the hydrochloric 
acid, water, and excess of alcohol were distilled off, and tie residual 
ester was then distilled in a partial vacuum of 12 mm. (in the case 
of heptyl and octyl tartrates, recrystallisation from light petroleum 


Fig. 7. 



was also adopted for the purification of the residual ester). By 
this method of esterification, an almost theoretical yield of ester 
(calculated on the acid used) was obtained. 

In the case of heptyl tartrate, specimens were also prepared in 
the following ways : 

(1) The mixture of acid and alcohol was saturated with hydrogen 
chloride in the cold, the hydrochloric acid being removed, after 
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several weeks, by keeping in a desiccator; the, ester crystallised out, 
and was recrystallised from light petroleum. 

The heptyl tartrate obtained in this way had 10-90®. 

(2) Patterson and Dickinson's method (T., 1901, 79 , 280) was 
employed, commencing with ethyl tartrate. The product had 
10-85®. 

The heptyl tartrate prepared by the method given above had 
ajf 10' 88®, and thus no appreciable racemisation is produced by 
this method of esterification. 


Fig. 8. 



?i-Butyl tartrate was prepared from butyl alcohol boiling at 
116'5 — 11 7®/ 752 mm. (The boiling point of pure ?^‘butyl alcohol 
is 11 6' 5 — 117*2®/ 760 mm.) After six distillations in a vacuum of 
12 mm,, the butyl tartrate had 22*25® (^=2-dcm.); this rota- 
tion is slightly less than that recorded by Freundler {Ann. Chim. 
Phys., 1893, [vii], 3 , 446), namely, 22*51° (Z = 2-dcm.). A speci- 
men of butyl tartrate prepared from a slightly impure alcohol (b. p. 
115 — 117®), however, we found to have Op 24*64® (^ = 2-dcm.). 
Butyl tartrate melts at 22® (Freundler, Bull. Soc. chim., 1894, [iii], 
11, 309, gives 21 — 22®) and boils at 178®/ 12 mm. (Freundler gives 
208®/ 12 mm.). It exhibits a maximum in its rotation-dispersion 
within the wave-lengths recorded at temperatures below 70®. 

Dmsities. 

Temperature 18® 01-0® 101-2® 132-5“ 109-5“ 

1-0968 1-0600 10240 0-9986 0-9fl64 




i'UANKLAJfD GARjTlSR : THR ftOTAflON-DISRfiilSlOlJ OP 


4»0<»« 

I2« 6 ob 

W m (M 


n 6« >4^ 


SRIC-' 

1> iH CD® 
® M ft ti 


^ O M CD 
ca lO CT ’ll* 

ftCI 


Ci A O A 

t-ooior- 


d: Ci t- 90 

cOecN 
K CD W M 


CO O l> 
><J(« — w 


A ffl « 


® cb »« 

»0 (W 


H 

(d 

EH 

H 


Cl ^ ff l <M FI (Jl 


r«( X 

©iCW «J 
5*4* -H e; 


t- >0 « CD 
©CON 

Srj 




^ © 

© w5"-t(jj 
®C=^r:. 




OO) 
CO N X o 
g ds ab M 


„ CD® If 
” OS ® fh 

LOCO ti 6 


2 ® X OI 


«0(s; « 
® OD» op 
§ woco 


©X F^ o 
FHNCOt;> 
Sj® rt»c 


Qft Ff ^ 

3 ip 

r- 6tF® 


da IF x-i* 
’£> 01 




X'^M-cH KHFf^H 

ortcoo isctFiWo 

JJ ri C5 cd Jo x « t.b 

S^ (TC ■' Cl FF ft 




btttyl, heptyl, and 


OCTYL TAETBATES. 


653 


Sg 3 S 


^ A O 

2 ^ ^ 

^ so ^ 


® F-( 

t*lOOO to 


cs<moi> 

^(n«6oj ioc^»^w 
«5«S^ 


^ au I— I w ' 

00® cc® 

»0c1 1-tCO 


5 * ® 

GO 50 1^ lO 

C(5 


an to OI 

CC ^ ?o 


so >0 fO 
A t- A IN 

TO rt 


ACO IN - 


I O M 

IMIO 


N cfi 

10 6 ” 

rji N 




aoan 5 wno 
^Sp^ioo *66« 
o ^ ^ ^ ^ oi »o 


jp, ^ ^ 1 ^ ^ ^ 

Sot-x 
OobAo ij22S2 


IQTtMO 
Ci W Ci 

g A'i'X 
n ^ rt 


© cC 05 A 


t, -- © I- 


® <N © r^ 
“ IN © 
N 4i©cCi 


r- A N 
l> A I> 
Sob CO© 


,- o sox 
50 A A 
2 A® © 


a 


^ A ^ © 
wj ^7 ^7 '7 
^ 00 A 

SO l-H '<P 


^ W © <M 
(O AeO'«Si 
N 


^ ^ r-l 

W5 6 

rt) -1 


50 © © A 
oo X W 
® t^ X OC 


A»g 

H i-( X IN 

t^db X 


£ ,- U 3 ON (? 

ft ^ N 7 


so 1—1 X © 

50 A X © 

Jg tool cb 


so A I> 
ffj (N A >71 
A 50 


-( O LO © 
© 'IS* t> A 


nn N A © 

©9”*? 

t^ IQ cb IN 
© (N F-tX 


^ t- © ;-; 

50 X 01 CO 


X © A W 

© --^ 01 I'' 
IQ © IN 


X 1- <M 




664 


FRASKLAND AND GARNER : THE ROTATION-DISPERSION Of 


^99? 


QO 10 03 
^ flS I— ' w 

15 eot^'^ 


{<5 lO M CO ^ _u jn 

ajioiot' 

ac,bio6 aoSSfn 

10 ^ p-^ ^ C-J Cl 


cO O t- 

S WIN 

lO 


^loioc 
O'^'^OS O 05C5;- 

C0,_(PHCC 


W-i i3> 

iO 10 O 

Ti cib 


® QC IN o 
qO« CO lO 

^ C3.F-I lo 


i;C CO CD ;0 lO lO ® 

??«c«ib S ® 


f <N -cjl CO 

'#00 »0 rH 

S QC 00 


^ ^ X ■# 
IQ O ^ « 





V) 

X O cox 

?5h 




^ t^« IQ 

“n fHjo 

g 



1 


CQ (M rH X' 
CO ^ 

X ® ^ 5q 




M IN fC 





6 F-i X IQ 
1 •# X IQ 
3 CO 05 


2 iq w-# 

IN FH w 


a X CO o 







w TlcpUjl tartrate, CjgH240g, which has not previously heen 

described, was prepared from heptyl alcohol boiling at 175 — 176° 
(pure heptyl alcohol boils *at 175‘5°). It melts at 35 — 35'5° and 
boils at 228°/ 12 mm. and 235°/ 14 mm. It has 21 '76^ 
{i=2-dcm.). Its rotation-dispersion curvee exhibit maxima 
between the wave-lengths recorded for temperatures below 70°. It 
was found impossible to supercool heptyl and octyl tartrates below 
more than 5° of their melting points without crystallisation 
occurring. 

Demiiies. 

Temperature ... .. ll'O'’ 671“ 105*3® 131‘1“ 

D; 0*9986 0-9776 0-9473 0*9283 
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a-Octyl tartrate, C2oH380g, was prepared from octyl alcohol boil- 
Qg at 194—195*5° (pur© 7w>otyl alcohol boils at 195°). It melts 
41—42° and boils at 252°/ 16 mm. It has a‘°'’ 20*32° 
f=:2-dcm.). 

\ maximum is present in the rotation— dispersion curve at 45°. 


Densities. 


Temperature 54-1“ 

0-9746 
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iXyf.^The Tannin of the Canadian Hemlock 
(Tsuga Canadensis, CarrJ). 

By Rodger James Manning and Maximilian Nieren stein. 

Although the chemistry of the pyrogallol tannins, of which gallo- 
tannin is the best known representative, has progr^sed during 
the last fifteen years, little or nothing has been published on the 
catechol (phlobaphen-producing) tannins, to which group nearly 
all the technically important vegetable tanning materials belong. 
We have investigated hemlock tannin, a representative of this 
group in view of its colonial importance, and have acqpiulatd 
"observations during tbe three and a-half years tbs work has been 
in progress which we describe in this paper, without, however, 
attempting to draw any conclusions as to the probable constitu- 
tion of hemlock tannin. Those who are acquainted with the litera- 
ture on gallotannin (compare Dekker, "De Looistoffen/’ 1906; 
Nierenstein, Chemie der Gerbstoffe,’’ 1910; Dekker “Die 
Gerbstoffe,” 1913; Perkin and Everest, “ The NatJIal Organic 
Colouring Matters," 1918) will be struck by the numerous formula 
which have been suggested for gallotannin, and the contradictory 
results that have been obtained. Tbs is due to the amorphous 
character of gallotannin in particular and the tannins in general, 
and it is for this reason that we give our results on hemlock tannm 
without committing ourselves at this juncture to any theoretical 
discussion on the subject. 


Bottingcr'.^ Bromo-hemlock Tannin. 

Bbttinger (Ber., 1884, 17, 1041) examined the action of bromine 
on tannin extracts, and determined the percentage of bromine 
contained in the precipitated bromo-compounds. On the basis ot 
the bromocompounds obtained from mangrove, hemlock, 
quebracho, mimosa, chestnut, Terra. je,pomca, and spruce, he pro- 
posed formul® for these tannins which are more or less general}' 
accepted, Bbttinger's formula for hemlock tannin is C.joBisltw. 
he deduced this from his bromo-derivative, 
which he also prepared the acetyl derivative, CjoHsUiotTi s 
We have made a careful re-investigation of Bottinger s wor on 
hemlock tannin, with the following results . 

(1) BotUnger’s bromination method does not always ym 
saL product, CjoH,40i„Br„ which requires Br = 43'60 per ce - 
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l)ufe a series of compounds in which the hroraiue content varies 
ironi 40 to 49 per cent. The analyses of eleven preparations gave: 
Br=41‘28, 47'56, 43-88, 40’12, 43*20, 47-29, 44*56 41*74 4^48 
41*56, and 43*26 per cent, ’ * * 

(2) If Bottinger^s product is obtained, it can be fractionated 
iuto a number of compounds in which* the brojuine content varies 
from 40 to 48 per cent. The fractionation method employed by 
us consisted in dissolving the bromo-compound in acetone and 
fractionally precipitating by the addition of chloroform. Three 
such experiments were made, and the results were : 

Kxperinwn /.—Bromine content of product, 43*12 per cent. 

Fractions : ^ I. II. HI. ly y 

Br = «-66 15-03 48-83 43-96 IS-OO per cent. 

Experiment //.—Bromine content of product, 43-88 per cent. 
Fractions : I. II. Ill, jy y 

Br = 40-22 42-84 44-^2 47-86 48-56 per cent. 

Experiment ///.—Bromine content of product, 43-98 per cent 
Fractions; I. * II. IH. 

Br = |41*98 44*50 46-23 per cent. 

(3) If hemlock tannin is prepared and fractionated by the 
method described later, and the different fractions are brominated 
separately, a series of bromo-compounds is obtained in which the 
bromine content increases as the phlobaphen content decreases. 


Brominated Phlohaphtns. 


Frac- 



tions : 

1 . 

11. 

Br = 

38*59 

42*33% 

Br = 

39-U 

41-06% 

Br 

Br = 

40*11 

43-82% 


Brominated Hemlock 



Tan 

71 in. 


Frac- 




tions : 

T. 

III. 

V. 

Br =12 

43 -.56 

46*82 

47*40% 

Br = 

— 

46*77 

48-09% 

Br = 
Br = 


46*96 

48*22% 

49*56% 


Our results suggest that Bottinger's formula for heiulock tannin 
and bromo-hemlock tannin must be di.sregarded, which conclusion, 
probably, also applies to the other bromo-taiinins mentioned. 


AUcah Ifpdroli/sU nf Bromo-hemlock Tanmn. 

Duriug his investigations on bromo-quebracho tannin Nieren- 
>teiu (CoUeyimn, 1905, 69) obtained on hydrolysis with alcoholic 
jwassim hydroxide (1) (sovanillic acid, and (2) a substance, 
8 to which he assigned provisionally the name mouobromo- 

quebrachihc acid. The latter crystallised from chloroform in small 
"eedles melting at 119-120". We have e.xtended these invest!- 

C 0 2 
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..atioiis to bromo-hemlock Uunin, but were only able to isolate a 
subsUnce, CgHjO^Br, which apparently is closely allied to mono^ 
brrFnoquebrachilic acid, and is provisionally called mo>wbr,mw- 
tsiK/imc acid. For comparison, the melting points of these two 
substances and of their derivatives are tabulated. 

Moi^ohrumotiiofjafk -I ci^/. 


m. p. 119—120“ 
m. p. 96— 98“ 
m. p. 93 — - 9*1® 


Free acid ... 
diethyl ester 
Ethyl ester... 


Free acid 
Methyl ester 
Ethyl ester 


m. p. 143— Uo® 
m. p. 108 — 111® 
m. p. 100—102® 


Nierenstein (he. cif.) obtained from monobroraoquebrachilu: 
acid on further hydrolysis nionobromoresorcinol, bift we have 
failed to isolate any definite disintegration product from mono- 

*’"l"In/i'^Zdr«^/s'''^-Abont 10 grams of bromo-hemlock tannin 
containing 44'5 g' per cent, of bromine were heated under reflux 
on a water-baUi with 100 c.c. of 20 per cent, alcoholic potassaun. 
hydroxide for six hours, and the solution was filtered after dilu- 
tion with water. The filtrate was evaporated .to dryness and 
extracted with acidified boiling alcohol. After seve.|l days a 
;op of needles (about 01 gram) was obtained, which was collee e,l 
and reorystallised from alcohol and benzene. Repetition of the 
ryl-olysis gave amounts of crude monobromotsng.nic acid vary 
Sg from 0 7 to 1-2 per cent, of the weight of bromo-hemlock 

'IZiohro,.,, hue aeid crystallises from alcohol and benzene 
hi'!^iaU. sharp needles which melt at 143--14.,“, carbon dioxide 

being evolved. ^ 

1 r^‘18-7V' H-3-42; Br-31-62. M.\V. = 2ol. 

EoiurU C t O.Q-. jj„ 2'87- Br = 32’39 per cent. 

C-.H-0,Br requires , lyi i 

^ ' M.W. = 247. 

The M ester, prepared by the hydrochloric 
crystallises from chloroform in silky needles melting at 

Found; C=41-95; H-3'67, h- 3'44 ner cent 

CgHfjO^Br requires C^41 38 , H -d 44 ] 

The r(/iy/ester crystallises from alcohol in needles melting at 

100 — 102 °. 

Found: C = 43’22; H=4-o8. H.. 4 .O 0 ner cent. 

requires 43-63, H-4 0U i 

The acel>/l derivative is prepared by digesting 
tsuginic acid with acetic anhydride for sjeral ^ 

acetic anhydride being removed m a vacuum. P 
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alcohol in small, cubic crystals melting at 124— 126®, carbon 
dioxide being evolved. 

Found; C=41‘22; H = 3-64. 

CjoHeOgBr requires C = 41-52; H = 3-12 per cent. 

Attempts to prepare carbethoxy- and benzoyl derivatives failed, 
as the products did not crystallise. 

So far aa it is possible to deduce from the above data, nioiio- 
bromotsugiiiic acid may be regarded as having the constitution 
CO-H-C^HsOBrOH. 

Much wrlc, however, is still required before it will be possible 
to deci^^OT a definite constitution for this fission product, which 
ill time may prove of importaiice to the chemistry of hemlock 
tannin in particular and the catechol tannins in general. 


Pre [Ktraiio'n ttf Hemlock Tannin. 

The finely sieved hemlock bark (about 8 kilos, were used each 
time) was extracted repeatedly with acetone. The extraction must 
always be carried out in the cold, on account of the ease with 
which hemlock tannin is oxidised to phlobaphens. The united 
acetone solutions were evaporated to one-third of their bulk under 
diminished pressure at about 55®. In this and in the succeeding 
operations, great care must be taken to keep the temperature as 
low as possible, as otherwise a con.dderable loss of hemlock tannin 
occurs through the formation of phlobapheii. 

In order to precipitate the phlobaphens, the concentrated acetone 
solution was poured into twice its bulk of watei- and allowed to 
remain overnight. The phlobaphens, which appeared as a bulky, 
dark red mass, were collected, washed, and dried in a desiccator. 
The filtrate, which contained the hemlock tannin and always a 
certain amount of unprecipitated phlobaphens. was evaporated to 
a viscid mass in a vacuum at a teinperatLire not exceeding 55®. 
This was dissolved in 570 c.c. of alcohol, and if still rich in 
phlobaphens gave a further precipitation if diluted with an equal 
amount of water. Usually, only a small portion of the alcoholic 
i^olutiou was tested, so as to avoid loss through oxidation. If, 
then, on adding water to a test portion little or no precipitation 
of phlobaphens took place, the whole alcoholic solution was 
evaporated to dryness under diminished pressure at 55®. On the 
other hand, if much phlobaphen was precipitated, the solution was 
diluted with an equal amount of water, and the preceding opera- 
tions were repeated. The resultant mass (about 300 grains)^ was 
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carefully dried, and appeared then as a dark red, brittle sub- 
stance, evidently still rich in phlobaphens. 

The crude hemlock tannin (100 grams) was extracted with 
750 c.c. of carefully dried acetone. The acetone was added in 
several portions and filtered before each fresh addition. The 
residue insoluble in acetone appeared, when carefully washed, with 
light petroleum and dried in a vacuum at 70°, as a pale brown 
powder, which weighed about 5 grams. The dark red acetone 
solution was treated with portions of 50, 100, and 400 c.c. of 
chloroform, as used by Nierenstein in the purification of gallo- 
tannin (^Annaleny 1912, 388, 243). The first two fractions were 
dark and inclined to be viscid. The third fractioil^Jilis pink. 
When washed with light petroleum and dried in a vacuum, they 
weighed respectively 8, 12, and 35 grams. The filtrate from 
fraction III was evaporated to dryness under diminished pressure 
at 55°, and the residue dissolved in 150 c.c. of ethyl acetate, which 
when poured into 200 c.c. of chloroform yielded 26 grams of a 
light-coloured precipitate. The filtrate was again evaporated to 
dryness, the residue dissolved in 100 c.c. of ethyl acetate, and 
fractions V and VI were precipitated by successive addition of 
100 c.c. of chloroform, fraction V (10 grams) was faintly pink, 
whilst fraction VI (2 grams) was creamy-white. 

Found : 

Fraction III.— C-:61'58, 61-86; H=-5-05, 5-29. 

Fraction IV.— C- 63-52, 63-30; H = 5-31, 5-33. 

Fraction V.—C= 64*09; H = 5-41. 

Fraction VI.— C=64-24, 64*06, 64-33; H = 4*88, 5-08, 5-23 
per cent. 

The amorphous character of the products and also the varia- 
tions in the composition of the different fractions show how un- 
desirable it is to calculate an empirical formula for hemlock tannin, 
as is also the case with gallotannin (compare Nierenstein, Annalm^ 
1912, 388, 243). In addition to this, hemlock tannin also contains 
traces of a methoxy-compound, from which we have not succeeded 
in freeing it. We found that even the purest fraction (VI) con- 
tained OMe = 0-80, whilst some of the other fractions gave as mucli 
as 3'56 per cent, of methoxyl.* 

* During these investigations, experiments \we also made to see if some 
of the methoxyl in the hemlock tannin .showed resistance towards hydriodic 
acid, and we therefore ro-heated the Perkin -Zeisel apparatus on the following 
day after the methoxy- estimations had l>cea carried out, as described by 
Herzig (AfowniM., 1905, 25, 603; 1908, 29. 263) during his investigation of 
elU^c acid. We were thus able to observe an increase in the methoxy 
content which, liowever, could be accounted for by the formation of a 
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purified hmlock tannin is a pink, amorphous powder which 
{Joes oot melt , when heated above 300°, but begins to decompose 
at about 260 — 275°. It is soluble in alcohol, acetone, ethyl 
acetate, or water, in which it forme deep red solutions. When 
hydrolysed according to Fischer and Freudenberg’s method {Ber., 
1912, 46, 916-) for the estimation of sugar in gallotannin, it was 
found that hemlock tannin does not contain any kind of sugar. 
With iron chloride it gives a deep green coloration, especially: in 
alcoholic solution. Hemlock tannin is precipitated by gelatin or 
alkaloids, and is quantitatively absorbed by caseinogen (compare 
Kbmer and Nierenstein, Chem. Zeit., 1911, 36, 31; Nierenstein, 
innahn^%912, 388, 224; Spiers, J. Affne. Set., 1919, 6, 77), 


AlJcaU Hydrolysh of Heudoek Tatmln. 

(1) Alcoholic PotmsiuiH Hydroxide.— only definite fission 
product obtained by this method was protocatechuic acid, crystal- 

Rising from water in small needles melting at 191- -194°, carbon 
dioxide being evolved. Wlien mixed with protocatechuic acid, no 
depression (m. p. 193—194°) was observed. 

(2) Alcoholic Barium Hydroxide.— \Ve originally used aqueous 

barium hydroxide with some success, but later employed the 
niethyi -alcoholic solution (compare Muller, T., 1915, 107, 874). 
This hyckolysis yielded protocatechuic acid, 2 : 3-dihydroxybeiizoic 
acid, and a new substance, CjoHA» apparently an 

aldehyde. 

The hydrolysis wms carried out by heating about 10 grams of 
hemlock tannin with an excess of inetbyl-alcoholic barium hydr- 
oxide for eight to ten hours under reflux. The alcohol was then 
removed on the water-bath, and the residue diluted with water 
and acidified with dilute sulphuric acid. The liquid, and also the 
barium sulphate precipitate, were extracted several times with 
ether, and the ethereal solution (solution A ) treated with sodium 
hydrogen carbonate solution saturated with carbon dioxide. The 
aqueous part thus obtained was acidified and extracted with ether 
(solution B), and both ethereal solutions were investigated 


Ethereal Solution .4 


.. -The svlution left, on evaporation, a tarry 


precipitate of silver iodide when hydriodic acid and acetic anhydride are left 
for twenty-four hours wid then heated (Manning and Nierenstein, Ber., 1913, 
<6, 3983. Critics of this note (compare G. Goldsehmiedt, Ber., 1914, 47, 389 ; 
i a Perkin and Oeach, T., 1914, 105, 3352) appear to have overlooked the 
necessity of allowing the mixture to remain for at least a day before any 
precipitation of silver iodide clw ^ obtained. 
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mass, which became solid on rubbing and kneading with light 
petroleum. The dry solid was then extracted in a Sexhlet 
apparatus with benzene, when the greater part of the product dis- 
solved, leaving a tarry residue in the thimble. The benzene was 
evaporated to dryness, and the residue (about 0‘8 gram) crystal- 
lised from alcohol and benzene, from which it separated in small, 
silky plates melting at 125—126°. It is also soluble in alcohol 
or much benzene or toluene, from which solutions it crystallises in 
needles (m. p. 125 -126°) after strong concentration of the 
solvents. 

Found: C = 68‘45; H-4-83. M.W. = 160, 166. * 

CioHgOg requires C-68-18; H-4‘54 per cent. M.m-176. 

With phenyl hydrazine it forms a lihenylhydrazonv ^ which 
crystallises from glacial acetic acid in dark brown needles melting 
and decomposing at 191° 

Found: N = 17*91, 17*49. 

CjjiHjOoN., requires N = 17*27 per cent. 

When oxidised on the water-bath with potassium permanganate 
in alkaline suspension, it yields the iiad, CgH702'C02H, which 
crystallises from water in long, prismatic needles melting at 
214 — 216°, carbon dioxide being evolved. 

Found: C-62'42; H-4-60. 

Cj(,HgOj requires C- 62*50; H-4*20 per cent. 

The and salts were prepared and crystallised 

from water. 

Found: Na = lM2; K-20*86. 

Calculated: Na- 10*74; K- 20*40 per cent. 

Diazomethaiie yields the mcihijl ester, which crystallises from 
benzene in silky needles melting at 1.52 — 15,3°. 

Found: C- 64*24; H^4*82. 

Ci|Hj „04 requires C- 64*18; H~4*62 per cent. 

Ethel tid Snhiiion B . — The residue which was left on evapor- 
ation of the ether crystallised from w^ater in small needles melting 
indefinitely between 145° and 168°, although the product was 
recrystallised several times from that solvent. The only definite 
colour reactions obtained were those of protocatechu ic acid, ami 
the analytical data also agreed for a dihydroxybenzoic acid. 
(Found: C- 54*12; H = 4*22. C7Hf;04 requires C = 54*52; H = 3'94 
per cent.) Attempts were made to separate the mixture by frac- 
tional crystallisation, but no fraction of a definite melting point 
was obtained, Tbe product when heated with soda-lime only gave, 
so far as could be ascertained, catechol (small needles from 
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benzwje, m.. p. 102—103®), from which we concluded that the 
mixture consisted probably of protocatechuic acid (m. p. 
198—190°) and 2 : S-dihydroxy benzoic acid (m. p. 204®) (compare 
Praxmarer, 1906, 27 , 1199; also abstract of this paper, 

A., 1907, 92 , i, 216, where the melting point is wrongly given as 
U40®). The product was therefore treated in ethereal solution 
with diazomethane and converted into the methyl esters of veratric 
acid (ni. p. 59 — GO®) and 2 : 3-diinethoxybenzoic acid (m. p. 
57—58®) (compare Praxmarer, /or. r//.), and the mixture 
fractionated under diminished pressure. Sixteen grams of the 
methyl esters gave the following fractions, which crystallised from 
benzene on subsequent solidification : 

Fraction I. — 1’84 Grams, b. p. 124—127®; 10 41 mm., m. p, 
^ 47—53®. 

Fraction II. — 1‘26 Grams,, b. p. 124 126®/ 10—1*2 mm., m. p. 

52 — 54®. 

Fraction III. — 4*47 Grams, b. p. 125 — 127®/10- ~12 mm,, m. p. 
55—56®, 

Fraction IV.— 2-12 Grams, b. p. 126— 129®/ 10 11 mm., m. p. 
58—59®. 

Each fraction was hydrolysed on the water-bath with alkali, and 
the free methpxy-acids were crystallised from dilute alcohol. 
These fractions melted as follows : 

Fraction I. M. p, 162—168°. 

Fraction II. — M. p. 178- 180°. Mixed m. p. with veratric acid, 
178 — 180®; mixed m. p. with 2 : 3-methoxybenzoic acid, 
158—164®. 

Fraction III. — M. p. 176 — 183®. Mixed m. p. with veratric 
acid, 164 — 171®; mixed m, p, with 2 : 3-diniethoxybenzoic 
acid, 172—178®. 

Fraction IV. — M. p. 184—186®. Mixed m. p. with veratric 
acid, 168 — 174®; mixed m. p. with 2 : 3-dimethoxybenzoic 
acid, m. p. 183—185®. 

The melting point of veratric acid is given as 181® (compare 
Freund and Niederhofheim, Ber.^ 1896, 29 , 858; Kostanecki and 
Tambor, /icr., 1907, 39 , 4022). There is, however, no reference to 
2 : 3-dimethoxybenzuic acid. This was therefore prepared by the 
action of diazomethane on 2 : 3'dihydroxy benzoic acid prepared 
according to Praxmarer’s method {foe. cj^); the ester was sub- 
sequently hydrolysed and the methoxy-acid crystallised from dilute 
alcohol, from which it separated in needles melting at 187 — 188®, 
carbon dioxide being evolved. (Found; C=59'14; H = 5'i2. 
requires C = 59*31; H = 5*54 per cent.) 

0 G* 
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From the above data, it ia probable tJiat fraction II consisted 
mainly of veratric acid (Found: C=59'12; H = 5-78. Calc.: 
C=59*31; H = 5'64 per cent.), whereas fraction IV consisted of 
2 : 3-dimethoxybenzoic acid. (Found: C= 58*92; H — 5*46. Calc.: 
C = 59‘31 ; H = 5*54 per cent.), from which we conclude that proto- 
catechuic'and 2 : 34ihydroxybenzoic acids are formed during the 
hydrolysis of hemlock tannin. 


Methylated Hemlock Tannin. 

Hemlock tannin was methylated with diazomethane in ethereal 
suspensions, fractions IV, V, and VI only being used for the 
methylation. The dry tannin was suspended in ether, as used 
in the Grignard reaction (compare Clibhens and Nierenstejn, T., 
1915, 107 , 1491), and an excess of diazomethane allowed to act 
on it for about twelve hours. In the case of fraction IV there 
was always a residue, after methylation, insoluble in ether [similar 
observations were made by Herzig (MonaUh., 1912, 33 , 843), and 
Fischer and Freudenberg {Her., 1912, 46 , 2723), during the 
methylation of gallotannin with diazomethaue]. Fraction V also 
left a small residue, but fraction VI on methylation dissolved 
completely in ether. 

The ethereal solution was filtered and the ether removed under 
diminished pressure. The residue was purified by dissolving in a 
little alcohol and pouring into water. It frequently happened 
that the methylated product did not separate out readily, in which 
case the liquid was shaken vigorously to coagulate the precipiHte 
and allowed to remain for a time. The precipitate was then 
collected, carefully washed, and dried in a desiccator. 

Methylated hemlock tannin obtained in this way after several 
precipitations was a white, amorphous product with a more or less 
distinctly yellow tint; it was readily soluble 
acetone benzene, carbon tetrachloride, or ,s-tetrachloroethane hut 
insoluble in light petroleum. The product had no definite melting 
point; it sintered at 74-79° and melted at 134-141 . 

Found: C = 65’69, 65-23, 64-82, 65-12; H=5-58, ^^^6- “'J'’ 
5-27; OMe=26-48, .25-65, 2o-84 per cent. M.W. (m 
chloroform) = 620. 561, 552, 574. 

The methoxv-estimations were carried out in a Zeisel-Per ii 
apparatus, aeeUc anhydride being added. If 
replaced by phenol (compare Weiahut, Monatsh., 1913, 33 , 11 )■ 
result was obtained (OMe=25^6 per cent)^ lu 
of the experiences of W. Hichter {Dm., Erlangen, 1902, 44), wh 
fLnd that eiitannin is more fully methylated with diazomethau 
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in ail acetone solution than in an ethereal one, we also used the 
former as a solvent, without, however, increasing the methoxy- 
content. (Found: OMe=25-89 per cent.). For similar reasons, 
we also used methyl alcohol as a solvent (compare Geake and 
Nierenstein, Biochem. 1914, 8 , 292), the result being the same 
(Found: OMe = 25-43 per cent.). 

Methylated hemlock tannin was found to be optically active: 
—41'^ (in chloroform), — 24‘7° (in .s'-tetrachloroethane), 50‘1° 
(in alcohol), and -16'9° (in acetone). 


Alkali Jlydrolyiiis of Methylated Hemloek Tannin. 

Methylated hemlock tannin (about 5 — 10 grams) was hydrolysed 
by boiling with a ID per cent, solution of alcoholic potassium hydr- 
oxide for about three hours. The alcohol was then evaporated, 
and the residue extracted with boiling water and filtered from any 
incompletely hydrolysed or tarry substance. On acidifying with 
dilute sulphuric acid, the filtrate gave a bulky precipitate (P^®* 
cipitate A), which was collected, washed, and dried in a desiccator. 
The filtrate was extracted with ether several times, and the 
ethereal extract treated with a 5 per cent, solution of sodium 
hydrogen carbonate saturated with carbon dioxide. Nothing was 
found to remain in the ether. The sodium hydrogen carbonate 
solution was acidified with dilute sulphuric acid and extracted 
with ether. On evaporation of the ether, a residue was obtained 
which was crystallised several times from w^ater with the addition 
of animal charcoal, when small crystals were obtained melting at 
208*^. They proved to be vanillic acid, and gave no depression 
of the melting point when mixed with vanillic acid. (Pound: 
C=^57’02j H = 5'08. Calc.: 0 = 57*11; 11 = 4-81 per cent.) 

Precipitate i;— The product was purified by dissolving several 
times in alcohol and precipitating with vrater. 

Found: C=67*14, 66'83; H = 6-49, 6*22; OMe = 28'18 per cent. 

When oxidised with potassium permanganate in alkaline solu- 
tion, hemipinic acid was produced. The following method of 
oxidation gave the best results. I'S Grams of the substance were 
heated on a water-bath for six to eight hours with 75 c.c. of 
23^-potassiuni hydroxide and 3 grams of potassium permanganate 
dissolved in about 50 c.c. of water, which were added in two por- 
tions. The solution was acidified, filtered, and extracted with 
ether. The residue left on evaporation crystallised from water 
in small needles, which melted when slowly heated at 170 — 173° 
(compare Nierenstein, An?talen, 1913, 396 , 198; Pschorr and 

c 2 
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Samuleanu, Z/er., 1899, 32 , 3411), which melting point was not 
depressed when mixed with hemipinic acid prepared from opianio 
acid. (Found: C^53-33; H=:5-09. Calc.: C==53'07; H=4’47 
per cent.) 

Mild hydrolysis of precipitate .1 furnished opianic acid, which 
was obtained on warming 2 grams of the substance with 20 c.c. of 
2J'alcohoUc potassiani hydroxide for several hours on the water - 
bath under reflux at a temperature not higher than 60°. The 
alcohol was evaporated, .the residue acidified, and extracted with 
ether. The ethereal e.xtract was shaken with sodium hydrogen 
carbonate solution saturated with carbon dioxide, and the aqueous 
part, after acidification with dilute sulphuric acid, extracted with 
ether. The carefully dried residue which was left on evaporation 
of the ether deposited, from benzene, thin, prisjnatic needles melt- 
ing at 147 — ^149°. When mixed with opianic acid, no depression 
of the melting point was observed. (Found: C = 56-82, 56‘78; 
H=^5T2, 4'94. Calc.: C — 57T1; H = 4'81 per cent.) A small 
amount was converted into the oxime, crystallising in small 
needles melting at 81°, which is in the vicinity. of the melting point 
82—83°, as found by W. H. Perkin, jun. (T., 1890 , 57 , 1071). 
There was not enough material for a combustion. 

The fact that the methylated hemlock tannin yields opianic 
acid (I) suggests the possible existence of noropianic acid (II) in 
hemlock tannin, which probably explains the formation of hemi- 
pinic acid (III) and veratric acid (IV) from methylated hemlock 
tannin and protocatechuic acid (V) and 2 : 3-dihydroxybenzoic acid 
(VI) from hemlock tannin: 


OMe 

OMe 


OMe 


sreo/^oo,,u 


MeO/\ 

\/C»o 

• ^/Co,;h 



{!.) 

(ITI.) 


(IV.) 




OH 





OH 

Ho^^rOgii 

OH 


. ;OO..H 
\/ ' 
(V.) 

OH 




(It) 

(Not i.solaled.) 

(Not isolated.) 






\/ 




(VI.) 
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In conclusion, we wish to take this opportunity of expressing 
our thanks to the Research Fund Committee of the Chemical 
Society, and to the Colston Society of the University of Bristol, for 
grants towards this investigation. We also wish to thank Messrs. 
Davis and Sons, Tanners, Kingston, Canada, for a generous supply 
of hemlock hark. 

BioCHEsncAL Laboratory, 

Phemical Department, 

University of Bristol. [iJccsiurd, May m , 1919.]. 


LV . — The Formation of Diazoamino-comjoounds from 
ff‘Naphthylamin€. 

By George Marshall Kokman. 

DunrNG the preparation of some diazoamino-compounds involving 
the action of diazotised jB-naphthylamine on amines of the benzene 
series, it was noticed that, in the rase of ^/-toluidine, the product 
was a tarry substance which, on keeping, became a dark red solid 
and consisted of o-tolueneazo-j3-naphthylamine (Norman, T., 1912, 
101, 1914). 

A search has been made for other rases of this result, and as 
both and y;-toluidiiie gave diazoainino-coin pounds, o-substituted 
amines have been selected for the purpose. However, a sub- 
stituent ill the o-position, even a methyl radicle, is not the only 
condition necessary, for. although /y/-4-xylidiue gave m-xylene-4- 
azo-3-naphthylamine, p-xylidine gave a diazoaniiiio-compouiid, a 
result also obtained with o-chloroaiiiline, 3-b^omo-y^toluidille, and 
j-bromo-o-tohudine. Under the same conditions, diazotised 
3-naphthylaniine does not appreciably react with 3-nitro-p-toluidine 
or 5-nitro-o-toluidine, even on keeping for several hours. The 
same difficulty was encountered in the case of >!-trichloioaiiilme. 

The diazoamino-compounds obtained pass quite readily into the 
isomeric aminoazo-com pounds on heating with the contained 
benzene base and its hydrochloride. This can be explained by 
the occurrence of an intramolecular change or by a preliminary 
decomposition into a diazoniiim salt and j8-iiaphthylamine, with 
J'ubsequent reconihi nation to form the azo-coinjioiind, and this is 
supported by the formation of p-tolueiieizo-jS-iiajihthylamine on 
heating diazoamino-p- toluene with p-toluidine hydrochloride and 
^-naphthylamine in molecular proportious and excess of y>-toluidinc. 
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The experiments of Meldola, and Streatfeild (T., 1887, 61, 434) 
showed that the action of aqueous acids is to decompose mixed 
diazoamino-compounds into four products, the bases and the corre- 
sponding diazonium salts in molecular proportions, but under the 
conditions of the’present experiments the only aminoazo-compound 
produced is derived from the diazotised benzenoid base and 
i9-iiaphthyl amine in practically quantitative yield. The decom- 
position into four products evidently does not occur, or one would 
expect to find ^-naphthaleneazo-/S-naphthyIamine among the pro- 
ducts, unless, indeed, jS-naphthalenediazonium chloride in the 
presence of the benzene base is converted into a substituted 
beuzenediazonium chloride. 

When the diazoamino-compounds are heated with j3-naphthol, 
either j8-naphthylamine or the benzene base is eliminated, and the 
resulting hydroxyazo-compound is not a mixture in the cases ex- 
amined. Thus, the diazoamino-compound obtained from 5-bromch 
o-toluidiue gave 5-bromo-o-tolueneazo-j3-naphthol and eliminated 
)3-naphthyl amine, but the compounds from o-chloroaniline, 
3-bromo-p-toluidine. and ^xylidine gave ^-naphthaleneazo-jS- 
naphthol and eliminated the benzenoid base. Probably this can 
be best explained by the formation of an unstable intermediate 
compound, which undergoes decomposition with the elimination of 
one of the bases present, the mode of decomposition depending on 
the nature and position of the substituent radicles. 

Experimental. 

m-Xylene-i-azO’^-naphihfjlamine, CgH 3 (CH 3 ) 2 ’lsVCjyH 5 ‘NHo. 

This compound crystallises from methylated spirit in orange-red 
plates melting at 126°: 

0*1345 gave 18 c.c. Ko (moist) at 16° and 750 mm. N=:15’4. 
CjgHjyNg requires N = 15*27 per cent. 

The acetyl derivative crystallises from ethyl acetate in sinall, 
orange-red needles melting at 142° : 

0T235 gave 13*9 c.c. N 2 (moist) at 15° and 752 mm. N = 13'l. 

Tcquires N = 13*25 per cent. 

The henzoyl derivative crystallises from ethyl acetate in briglit 
red needles melting at 145°: 

0*1142 gave 1T2 c.c. N 2 (moist) at 17° and 756 mm. N = 11‘3, 
CogHg^ONg requires N = 11*08 per cent. 
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:Uiion of fi'Aaphthalenedmzo7iium Chloride on mA-Xylidine, 

On the addition of sodium acetate to the cold solution, a brown 
solid separated which became tarry, and, on keeping, solidified to 
a red solid, which was identified as ?n-xylene4-azo-i8 naphthyl- 
amine. 

Reduction of m-XyhneA<tzo^^naphthylamine. 

In order to establish beyond doubt the constitution of this com- 
pound, it was reduced with zinc dust in acetic acid solution. 
Acetic anhydride was then added, and the subsequent addition of 
a little water caused the separation of a solid, which was identified 
as diacetyl-1 : 2-naphthylenediamine, whilst from the mother 
liquor aceto-m-4-xylidide was obtained. 

Actiiyn of Aiitrom Acid on m-XylencA-azo-^-naphthylamine. 

Meldola and East’s method (T., 1888, 63, 465) gave a tarry 
solid, which was boiled with alcoholic potassium hydroxide. The 
product was identified as ni-xylene-4-azo-j3-naphthol (m, p. 166®). 

I 

o-Chlorobenztiieuzo^^-naphihylmnine, 

This compound crystallises from benzene in red needles melting 
at 151®; 

0-1520. gave 19*5 c.c. N, (moist) at 16® and 748 mm. N-=14-7i. 

Cj^HjaNaCl requires N = 14-93 per cent. 

The acetyl derivative crystallises from ethyl acetate in orange- 
red, silky needles melting at 153®: 

0-1324 gave 0*5940 AgCl. Cl-IM. 

^isHi^ONgCl requires Cl = 10-97 per cent. 

The benzoyl derivative crystallises from glacial acetic acid in 
orange needles melting at 167® : 

0-1841 gave 0-6955 AgCl. Cl -9-35, 

requires Cl = 9-2 per cent, 

CqH^CI-NsH'CioHp 

This compound crystallises from toluene in pale brown, minute 
needles melting at 100®. When heated with o*chIoroaniline and 
its hydrochloride at 60®, it changes readily into the isomeric amino- 
azo-compouud, and when heated with j8-naphthol it gives 
^-uaphthaleneazo-3-naphthol and o-chloroaniline ; 
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0*1231 gave 15-9 c.c. Ng (moist) at 17° and 750 pim. N = U‘8, 
Cj(;Hj 2N3C1 requires N- 14*93 per cent. 


^‘Bromo-'^-foUie neu z o-^miiih i h t/Iam ine, C<5H3MeBr'N2*C](^g-NH.. 

This compound crystallises from methylated spirit in glistening, 
dark red plates melting at 172°: 

0T461 gave 16*0 c.c. N. (moist) at 18° and 752 mm. N = 12-48. 

requires N-12'35 per cent. 

The aceti/l derivative crystallises from glacial acetic acid in 
small, yellow needles melting at 168°; 

0-1324 gave 0*6459 AgBr. Br-20*76. 

Cjgllj^pN^Br requires Br== 20*94 per cent. 

The heii:o(/l derivative crystallises from ethyl acetate in orange- 
red needles melting at 186°: 

0-1448 gave 0*6090 "AgBr. Br- 17*89. 

C^iHji^ON^Br requires Br- 18*02 per cent. 


4-3-.^ fi/)h th((l e n e(hn:0(i)ni no-^-b f'omotohf eii e , 
CoHgMeBr'NaH-C^^H;. 

This compound crystallises from methylated spirit in pale brown 
prisms melting at 104°. On heating with S-bromo-y^-toluidine and 
its hydrochloride at 60°, it passes readily into the isomeric amino- 
azo-compound, and when heated with 3-naphthol eliminates 
3-bromo-p-toluidine and gives 3-bromo-yAtolueneazo-3-naphtho], 
which crystallises from benzene in red needles melting at 169°: 

0’23 gave 24 c.c. No (moist) at 14° and 752 mm. N = 12*14. 

C] 7 Hi 4 N 3 Br requires N = 12-35 per cent. 

O-Brt) tn tho-tol u e n fo i fth t h t/la m hie, 
C,;Il3MeBr-N./Cj„Hc*NHo. 

This compound crystallises from methylated sjnrit in small, red 
plates melting at 1.52°: 

0*1542 gave 16*6 c.c. N^ (moist) at 15° and 754 mm. N = 12'52. 

Cj 7 Hj 4 N 3 Br requires N- 12*35 per cent. 

The aceiifl derivative crystathse:s from ethyl acetate in oraiigc- 
red, feathery needles melting at 189°; 

• 0*1643 gave 0*8115 AgBr. Br = 21*02. 

CigHj^jON^Br requires Br- 20*94 per cent. 



DIAZOAMINO'COMPOUNDS FROM it^-NAPHTJiyLASMNB. 077 

'The benzoyl derivative crystallises from ethyl acetate in pale 
orange, feathery needles melting at 179°: ^ 

0-1862 gave 0*7859 AgBr, Br^l‘>7*96. 

Cj^HjgONaBr requires Br = 18-02 per cent. 


2-^'Japhth(d t n edtazoa m i n o-5 - hmm of.ol iiene 

CcH^MeBr^NgH-CioH;. 

This compound crystallises from toluene in small, red needles 
melting at 113°. When heated with 5-hromo-o-toluidine and its 
hydrochloride at 65°, it passes into the isomeric aminoazo-com- 
pound, and when heated with ^-naphthol it eliminates jS-iiaphthyl- 
amine and yields 5-bromo-o-toliieneazo-j8-naphthol, which crystal- 
lises from benzene in red plates melting at 174°: 

0-1459 gave 16 c.c. N. (moist) at 19° and 749 mm. N:=12-42. 

requires 12-35 per cent. 

Tins componiid crystallises from inethylated spirit in brilliant 
orange-red needles melting at 119°: 

0 1421 gave 18 6 c.c. N.^ (moist) at 17° and 754 mm. N = 15‘07. 
requires N — 15*27 per cent. 

The actt>/l derivative crystallises from ethyl acetate in dark red 
needles melting at 167°: 

0-1239 gave 14-2 c.c. N. (moist) at 15° and 750 mm. N-13'24. 
requires N = 13-25 per cent. 

The henzopl derivative crystallises from ethyl acetate in orange- 
red, feathery needles melting at 148°; 

0-1761 gave 16*6 c.c. (moist) at 15° and 750 mm. N = l()-9. 

requires N — ll’OS per cent. 

2-^~^\^phihaJenedi(r,olnl^i/^o-\)-.}f/h^ 

This compound crystallises from benzene in brownish-red crystals 
melting somewhat indefinitely at 120°. On heating with p-xylidine 
iiiid its hydrochloride, a small quantity of a yellow solid melting 
at 124°, and containing iT7 per cent, of nitrogen, was obtained, 
hut it was not further identified. On heating with jS-naphthol, it 
gives ^-naphthaleneazo-j8-na])hthol and p-xylidine : 

0-1213 gave 15’9 c.c. (moist) at 17° and 754 ninr. N = 15-09, 
CjgHj^Ny requires N-- 15-27 per cent. 
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3 - N it ioluen eaz o-^a phi hylamin e , 

This compound crystallises from toluene in dark bronze needles 
jiielting at 224^^: 

0*1133 gave 18 c.c. (moist) at 18° and 753 mm. N = 18*18. 

CJ7HJ4O2N4 requires N = 18'3 per cent. 

The acetyl derivative crystallises from ethyl acetate or tolueue 
in small, red needles melting at 200° : 

0*1441 gave 20*2 c.c. N., (moist) at 19° and 753 mm. 15*95. 

requires N = 16*09 per cent. 

The benzoyl derivative crystallises frmn ethyl acetate in red 
needles melting at 158°: 

0*1137 gave 13*7 c.c. Ng (moist) at 16° and 750 mm, N- 13*86. 
C24HJ8O3N4 requires N = 13*66 per cent. 

3‘Nitro-o-tokteneazo-fi-naphthylamine, 

N02*C6HsMe-X2*Cj(jH6-NH2. 

This compound crystallises from toluene in dark bronze needles 
melting at 210°: 

0*1239 gave 19*1 c.c. N., (moist) at 16° and 758 mm. K = 17*93. 

Ci 7H^40.7N4 requires N = 18‘3 per cent. 

The acetyl derivative crystallises from toluene in red needles 
melting at 240° : 

0*1361 gave 19*2 c.c. Ko (moist) at 17° and 754 min, N=:16-24. 

019111503X4 requires N = 16*09 per cent. 

The benzoyl derivative crystallises from toluene in red needles 
melting at 197° : 

0*1356 gave 16 c.c. N., (moist) at 16° and 760 mm. N= 13*76. 
Co4Hig03N4 requires N=:13‘66 per cent. 

s-Trichlorobenzeneazo-^-naphthylamhie, GgHoClg'N/CiQHg’NH.j. 

This compound crystallises from benzene in red needles melting 
at 157°: 

0*2135 gave 0*2618 AgCl. 01 = 30*26. 

CieHKjXgCl.. requires 01 = 30*38 per cent. 

The acetyl derivative crystallises from ethyl acetate in reddish- 
yellow needles melting at 169°: 

0*2341 gave 0*2556 AgCl. 01 = 27*01. 

CigHjoCNgClg requires 01 = 27*13 per cent. 
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fiction of ^Toluidin^ and Hs H ydfochloridt on Diazoaniin(h^’ 
toluene in the Fresence of a-phthylamine. 

Molecular quantities of diazoamino-y^-toluene, y?-toluidine liydro- 
fhloride, and jS-uaphthylamine were dissolved in y>toluidiiie and 
heated for twelve hours at 50*^. On treatment with hydrochloric 
acid, a residue was obtained which was crystallised from methylated 
spirit, and melted at 112°. It was identified as y?-tolueneazo-^- 
iiaphthylamine. 

Municipai, Tkchnical School, 

Buev, Lancashibe. [R&cdvtd, May 14^/?, lOlO.J 


LVl.— IViC Chemistry of the Glutaconic Acids, 

Part XI, The Occurrence of 1 ; Addition to the 
Normal Form, 

By Jocelyn Field Thorpe. 

In Part IX of this series (T., 1913, 103, 1579) it was shown that 
the cjVlabile ester of )3-methylglutaconic acid, which can be readily 
formed by the action of alcoholic sodium ethoxide on ethyl iso- 
dehydracetate, 

(1) + ElOE 

CO., Et* 0 E,'CMe:C E ’COgEt 

+ ]^Ie*CO.jEt 

condenses with the sodium compound of ethyl cyanoacetate, giving 
a 60 per cent, yield of a condensation product in accordance with 
the equation 

C02Et‘CH:CMe-CH./C0.,Et COoEt-CH./CMe-CHa-CO^Et 

(2) + CH2(CN)‘OojEb “ CH(CN)‘CO£Et 

whereas the normal ester, CO.iEt'CH'CHMe'CH’CO^Et, which 
can be prepared from the normal acid by etherification, yields no 
condensation jjroduct under the same experimental conditions. 

Several other enters of normal acids of . the series were subjected 
to the same reaction, and the failure in each case to obtain a 
condensation product was regarded as evidence that substances 
possessing the normal structure which, in accordance with the 
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views put forward in this series, have constitutions best represented 
by the general formula COoR’CR’CHR’CR’CO^B (R = H or alkyl), 
do not form additive products when treated with the usual additive 
reagents. 

The evidence is, however, negative, and during the whole course 
of these researches on the glutaco-nic acids, frequent attempts have 
been made to obtain direct evidence of the structure of the normal 
forms by inducing them to form additive products in the 
1 : 3-positions. If, for example, bromine could be made to unite 
with the terminal carbon atoms of the normal system, thus: 


— CH-COgli THBr-CO^ 

OH, +Br, — OHj 

— (JH'COjH (JHBr-CO,H 

and if the isomeric compound produced from the labile modihca- 
tioii were found to be formed in accordance with the scheme: 

CH-COjH (tHBr-CO,H 

CH +Brj -> OHBr 

(JHj-COjH OHj-COjH 

no reasonable doubt would then remain that the formula for the 


glutaconic acids suggested in this series must be a close approxim- 
ation to the truth. 

Unfortunately, the evidence obtained in this way is far from 
satisfactory. The stable normal acids of the type of ^-methyl 
glutaconic acid (the (V>!-acid of Feist, A nnnhiiy 1906, 345 , 64. and 
of Fichter and Schwab, AnnnJen, 1907, 348 , 254, melting at 149'^) 
do not react with the halogen to give any definite additive pro- 
ducts, although the rts-labile acid (the tmn>f-acid of Feist and 
Fichter. melting at 115—116°) readily forms a^-dibromo-^-methyl 
glutaric acid, CO,>H-CHBr«CMeBi-CH,,-COJI (m. p. 145°), when 
treated with bromine in direct sunlight (Fichter and Schwab, /oc. 

^ ..... 

On the other hand, those acids, of w'hich glutaconic acid itself ip 

the best example, the labile forms of which are so unstable as to 
be incapable of isolation, yet readily pass, either through hydroxy- 
anhydride formation or through the formation of the sodium 
derivative of the esters, into derivatives of the labile forms (T- 

COjH-CH-CHs-CH-CO.H 

rdutaeonie arid. irydroxy-anbydride. ; 

CO2Et’CH:CH-CH:C(ONa)*0Et 

Sodium derivative of ester. 
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1912, 863; 1913, 103 , 1757), react with bromine in a curious 

manner. For example, glutaconic acid readily absorbs the correct 
jimount of bromine, but no one appears to have been able to isolate 
any definite product from the reaction mixture. Kiliaui 
1885, 18 , 2517) first studied the action of bromine on this acid. 
He noticed the rapid absorption of the halogen, but, without 
attempting to isolate the additive product, treated the crude reac- 
tion mixture with calcium carbonate and obtained a 10 per cent, 
yield of ajS-dihydroxyglutaric acid, 

eO.,H-CH(OH)*CH(OH)-CHo-CO,H, 

a yield which was subsequently increased to 14 per cent (/ier., 
190.5, 38 , 3625). Ultimately, Feist {Ber., 1911, 44 , 137) was able 
to obtain an 80 — 85 per cent, yield of the dibromo-ester, 
CO.Et-CHBr-CMeBr-CH,-CO.Et, 
by bromiliating ethyl glutaconate in sunlight. 

ft is evident, therefore, that the normal acids of this series do 
not react with bromine in the way one would expect an aj8-un- 
saturated acid to react, and that they only form additive products 
under conditions which favour the transformation of the normal 
into the labile modifications. The labile acids, on the other hand, 
are easily converted into a/8-dibromo-additive products in accord- 
ance with the properties of the structures assigned to them. 

Direct evidence respecting the structure of the normal form 
can, however, be obtained from a study of the condensation pro- 
ducts formed from the normal and labile esters of 6-methyl - 
glutaconic acid with the sodium compound of ethyl cyanoacetate, 
for it is now found that whereas the (-/.s-labile ester reacts in accord- 
ance with equation (2) and gives a yield, which has now been 
increaseil to 80 per cent., of the 1 : 2 -additive product, the normal 
ester can, under special conditions described in the experimental 
portion, be made to yield a small quantity (approximately 6 per 
cent.) of a condensation product which, when hydrolysed, is con- 
verted into y-methylbutane-a65 -tricarboxylic acid, in accordance 
with the scheme : 


CHj-COjH 

CHMe 

OH'COjH 


-CH*CO,Et 

I ^ 

CHMe -pCH2(CN)‘C02Kt 

--CH'COjKt 

CH2-C0.2Et 

CHMe 

(jH-CO.Ec 

uH(CN)-(.:o..Kt 
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an acid which was found hy direct comparison to be identical with 
that prepared hy Hope and Perkin (T., 1911, 90, 762) by the 
interaction of ethyl bronioacetate and the condensation product of 
ethyl sodiocyanoacetate with ethyl crotonate. 

There can be no question, therefore, that in this reaction addi- 
tion has been effected in the 1 : 3-positions, and although the yield 
is small, the formation of a condensation product having the above 
composition is direct evidence of the structure of the normal form. 

A similar condensation tried with ethyl glutaconate failed to 
bring about addition in the 1 : 3-positions, and the product (about 
ii per cent, yield) was found to have the structure assigned to it 
in the previous paper (T., 1913, 103 , 1580). It had therefore 
been formed in accordance with the scheme: 

OH-COjKt C02Et*ClI(CN)*CH*C0gEt 

CH + CH2{CN)*C0,Et OHg 

CHj-COgEt (jHg-COjKt 

and it is evident that a small quantity of the normal ester is con- 
verted into the labile ester under the experimental conditions used. 
It is of interest to record at this stage a tendency that has been 
detected for the c/.s-labile ester to pass into the normal ester when 
kept. Hitherto, the ri>-ester has been regarded as a comparatively 
stable substance. It distils without change, and can be hydrolysed 
to the corresponding c/«-aeid without conversion into the normal 
isomeride. 

The following facts show, however, that, under certain condi- 
tions, the labile ester passes slowly into its normal form. About 
the middle of 1914, some 600 grams of the e«'-?'labile ester had been 
accumulated for use in the preparation of the “enclosed” ring 
compound, an account of which is about to he published. It had 
all been prepared within the previous month, and some of it had 
already been used In condensation with the sodium, compound of 
ethyl cyanoacetate, and found to give the usual yield of the con- 
densation product. War then broke out, and the ester remaining 
over was laid aside until January of the present year, that is, for 
approximately four and a-half years. It happened that the larger 
quantity of the ester (about 450 grams) was placed in a deep yellow 
glass bottle, whereas the remaining amount (about 130 grams) was 
kept in a white glass bottle. Both Bottles were placed side by side 
in a shallow cupboard with glass doors facing a strong north light. 
In January, 1919, the ester in the white glass bottle was noticed to 
have become deep brown, and when condensed with the sodium 
compound of ethyl cyanoacetate was found to give only 20 per 
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ceut. of the usual condensation product. It was therefore distilled 
and hydrolysed, when the mixture of acids formed was found to 
consist of 75 per cent, of the normal acid melting at 149° and 
25 per cent, of the labile acid melting at 115—116°. The ester 
in the yellow bottle, on the other hand, was found to have altered 
little in colour and to give the usual yield when condensed with 
ethyl sodiocyanoacetate. After distillation and hydrolysis, it wa.s 
found to yield the c/s-acid melting at 115 — 116° in an almost pure 
form, a small quantity, about 5 per cent, only, of the ir<ms-acid 
being isolated. In order to check these results, a further quantity 
of the cis-labile ester was prepared from ethyl ^odehydr acetate 
and hydrolysed, when the product was found to be the pure cis- 
acid. 

It is evident, therefore, that exposure to light for a considerable 
period of time leads to the partial conversion of the c?Vlabile form 
into the normal modification. 


E X P E 11 t M E N T A L. 

Cotiffennatiofi of Normal Ethyl ethyl gliitaconate u'ith the 

Sodivm Compound of Ethyl Cyanoacetate. 

In the earlier attempt which was made to effect this condensa- 
tion (T., 1913, 103 , 1580), molecular quantities of the ingredients 
were used, and the mixture was heated on the water-bath for 
twenty-four hours. As no condensation product could be isolated 
under these conditions, they were altered in the present instance 
so as to ensure that a large excess of ethyl cyanoacetate was present 
throughout the reaction. Forty- two grams of the normal ester, 
prepared by the etherification of the normal acid, were added to 
an alcoholic suspension of the sodium compound of ethyl cyano- 
acetate prepared from 94 grams of the ester and 9*7 grams of 
sodium dissolved in 110 grams of alcohol, and the mixture was 
heated for thirty-six hours on the water-bath. Water was then 
added, and the acidified liquid extracted with ether. Sodium 
carbonate solution failed to extract any appreciable quantity of 
acid ester from the ethereal solution, and the latter was therefore 
dried and freed from ether. The residual oil was then carefully 
fractionated under diminished pressure, when, besides the two 
fractions of lower boiling point, consisting of ethyl cyanoacetate 
and unchanged ethyl /S-methylglutaconate, a small fraction (about 
1 grams) of high boiling point was isolated. 

E thyl a-cyano-y-methylb^Uanero^t-tricarh oxylate, 

OH.(C02Et)*CnMe'CH{CO.Et)-CH(CN)*CX)2Et, 
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is A colourless, moderately viscid liquid which boils at 212° 

22 mm . : " 

0-1032 gave 0’408i CO. and 0-1293 HgO. C = 57'66; H = 7-4I. 

requires C — 57-5; H“7*4 per cent. 

y-Mefli /// fi K fnne'a^^-ft'imrh oicr/lic A aid, 
CO.H-CH.-CH(CO.H)*CHMe*CH 2 -COoH. 

Hope and Perkin found it necessary, in order to obtain this 
acid in a crystalline condition, to hydrolyse their cyano-triethyl 
ester to the tribasic acid, to etherify this, and, after fractionation, 
to isolate the potassium salt by the aid of methyl -alcoholic 
potassium hydroxide. Apparently there is no need to use this 
method in order to obtain the crystalline acid from the isomeric 
cyano-triethyl ester described above, because the hydrolysis pro- 
ceeded rapidly and smoothly through the agency of ‘'50 per cent.” 
aqueous suljihuric acid. Twelve grains of the cyano-triethyl ester 
w-ere dissolved in an equal volume of concentrated sulphuric acid, 
care being taken to keep the mixture cool, and alb wed to remain 
at the ordinary temperature for two hours. Water was then added 
until the solution became slightly turbid, when it was boiled under 
a reflux condenser for five hours, the alcohol formed during hydro- 
lysis being removed from time to time by detaching the condenser 
tube from the flask. After the cooled product had been saturated 
with ammonium sulphate, it was extracted with ether, and the 
syrupy acid, which rapidly solidified, obtained by evaporating the 
dried ethereal solution. The crude acid was then purified by 
treatment with concentrated hydrochloric acid, filtering, and re- 
crystallising from this solvent. It melted sharply at 154° (Hope 
and Perkin give 153 154°) (Found: C — 46-95; H = 6'13. 

C(iHpiO (5 requires C— 47-1 ; H = 5-9 per cent,). 

The acid was found to crystallise in nodular masses, as described 
by Hope and Perkin, and mixtures of it with Hope and Perkins , 
acid were found to ‘have the same melting point (154°) as either 
constituent. It also gave a potassium salt insoluble in methyl- 
alcoholic potassium hydroxide. Unfortunately, the amount of acid 
available was insufficient for the purpose of preparing crystalline 
derivatives, because the anhydro-acid is* apparently one of those 
intractable substances which are very difficult to obtain in a 
crystalline condition, similar properties being possessed by the 
aniline and toluidine derivatives of the anhydrb-aetd. All 
attempts to prepare these substances in a crystalline condition were 



GLUTACONIC ACIDS. PART XI. 


585 


^ijisyccessfui, and it is possible that the same difficulty was 
cocountered by Hope and Perkin, since it will be noticed that no 
derivatives of this acid are described by them. 

The evidence of the mixed melting point is, however, usually 
accepted as sufficient proof of identity. In the present instance, 
this is, of course, strengthened by the fact that the only other 
acid of this formula which could be produced in the reaction, 
namely, j3^-dimethylpropanetricarboxylic acid, CMe(CH2-C02H);3 
(T, 1913, 103 , 1583), melts at 172° and readily gives a crystalline 
aiihydro-acid, which can be converted into a crysialline anil- 
anilide and trianilide. 


flit Transformafio/i of ch-LahiU Ethyl ^-Methijhjl ntaco}}uf e 
into the. yormaJ Form, 

There is little to add to the general description of this change 
(riven in the introductory portion. The labile ester contained in 
the white glass bottle, which had previously given the usual yield 
of the condensation product with the sodium compound of ethyl 
cyauoaeetate, was found at the end of four and a-half years to 
give a yield of only 20 per cent, under the same experimental coii- 
clitious. It was therefore distilled, and was found to have the 
>aiue boiling point as the original ester. When hydrolysed, it was 
found, however, that a mixture of acids was obtained, from which 
an insoluble, crystalline barium salt could be isolated in large 
quantities when the neutral ammonium salts of the mixed acids 
were treated with barium chloride solution and boiled. This was 
collected and converted into tlie acid, which was found to melt at 
149° (Found: C-49'89; IT-0G8. requires C=50'0; 

H“0‘6 per cent.). 

This acid, which was evidently, therefore, the normal acid, con- 
diluted approximately 75 per cent, of the mixture. The labile 
acid ineltiug at 115 — 116° was isolated in the usual manner from 
the mother liquors of the barium salt precipitation. 

The ester which had been kept in the dee]) yellow bottle, and 
had altered little in appearance, was found on conversion into 
the acids to yield only a small quantity of an insoluble barium 
salt, from which the acid melting at 149° was isolated. The 
amount constituted about 5 per cent, of the mixed acids obtained, 
the remainder being the cfs-labile acid melting at 115 — 116°, 
which was isolated from the mother liquors. The original ester 
was also found to give approximtitely the normal yield of con- 



G86 


KON AND THORPE: THE FORMATION AND 


densation product with the sodium derivative of ethyl cyauoace- 
tate. 

The change was further proved by preparing some fredi cfs- 
labile ester from ethyl isodehydr acetate, when the product was 
found to yield the pure labile acid on hydrolysis. 

The Imperial Coixege op Science and Technology, 

South Kensington. [Becetwd, Jmt 3rd, 1919,] 


LVII . — The Fovmation and Reactions of imino- 
comj)ounds. Part XIX. The Chemistry of the 
Gyanoacetamide and Guareschi Condensations. 

By George Aumand Robert Kon and Jocelyn Field Thorpe, 

From the experiments described in Part XV (T., 1911, 99 , 422) 
and Part XVIII (T., 1913, 103 , 1586) of this series, it can be 
concluded that the condensation of cyanoacetamide with ketones 
in the presence of piperidine yields, to an extent of approximately 
95 per cent., products which have the groups attached to the 
terminal carbon atoms arranged in the fmws-positions to one 
another, and that approximately -5 per cent! only of the condensa- 
tion product has the cfs-configuration. The proportions vary 
slightly with the nature of the ketone used and with the tempera- 
ture at which the condensation is carried out, but is generally of 
the above order when the reactions are effected at the ordinary 
temperature. 

The following considerations support this conclusion : 

(1) The chief product is obtained as a base (I) soluble in dilute 
mineral acid, which is quickly hydrolysed by the acid to the imide 
(II) in accordance with the scheme: 


nh./Co*ch*c:nh 

I I 

RgC NH or 

CN-(JH-00 

(I.) 


NH,»CO-CH-C*NH, 


(!•] 


N 

\ 

CO 


NHj-CO*CH‘00 

R,c 

CN*(!)H‘6o 
■ (H.) 


NHj-CO-CHj-CN 

R^CO 

CN-CH.-CO'NH.^ 
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jlie frarw-coufiguratiou is further proved by the formation of the 
ji-iffiino-di-imide (HI), thus : ^ 

CO ch-c:nh 

Ah r,c 
c(:nh)‘CH*co 

(III.) 

CO CH'CO CH/COgH 

NH R,U in (JR, 

111 I ^ 

CO OH*CO CH^-COgH 

(IV.) (V.) 

aild the general structure of the whole series is shown by the pro- 
duction of the acid (V) from each of these compounds on com- 
plete hydrolysis. 

(2) A small quantity of condensation product is also obtained 
which is soluble in alkali, and is evidently present in the con- 
densation mixture as an ammonium salt (VI), since it yields the 
iinide (VII) on fe’eatment with mineral acids : 

CN'CHj-CO-NHg CN-CH-C((]tH)-NH2 

ll^CO liM NH 

t'N‘CHo*CO-NH,^ CN*CH*CO 

CN*CH‘C(ONH,) 

H,C N 

Ci\*CH*(JO 

(VI.) 

The «V-configuratiuii of this substance follows from the produc- 
tion, with sulphuric acid, of a di-imide identical with (IV) or the 


CN*-CH'Cl) 

1 I 

R,(J ISH 

t ! 

CN-OH-CO 

(VII.) 


sh/CO'CH.c:nh 

Rjd do -> 

CN-OH-hH 


OK-CH-CO CO CH-CO 

II III 

KX' NH -> NH R.X KH 

,11 1 *11 

CSX’HXO CO UU‘CO 

(IV.) 


XHg-CO-CH-CO 

kJ) nh 

NHg-COXHxO 

(VIII.) 


corresponding dianiidc (VIII). and the general structure from the 
fact that it yields the acid (V) on com])lete hydrolysis. 

On the other hand, it is certain that when substances of these 
types are prepared by the action of alcoholic ammonia on a mix- 
ture of the ketone and ethyl cyanoacetate (Guareschi's method), 
there appears to be no tendency for the comleiisation product to 
assume the fm«s-structure, and the compounds prepared in this 
^vay have the cf^-conliguration, being, in fact, identical with the 
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substances of types (VI) and (VII) above Guareschis reactions 
'are usually carried out at 40“ and if the cyanoacetam.de coin 
densations are effected at a similar temperature the quantity of 
the ciVproduct is increased, but the fact that no trace of a 
condensation product can be isolated under Guareschi s conditions 
shows that direction into c/s or is dependent on the reaction 

and is not appreciably affected by the temperature. 

It is evideL that the cyanoacetamide condensation can also 
yield three other products, namely, the P™, 

duct (IX) and the open-chain compounds (X) . ^ , 

th^^t the isolation of these substances must depend (1) on the 

CN-CH-CO-NHa NHg-CO-CH-CN 


KgO 

CN'CH-CO'NHg 
(X.) 


CN-€)H*C0-NHe 


K2c:c(cn)-co«nh2 

CN-CH-WINMg 

{IX) 

tendency for the double compound to form, and (3) on the tendeiip- 
which exists for the six-mcmbered ring to be produced. . 
regards (X) and (XI), we have not been able tousolate any trace 
oAhem in ketone condensations, although, as will be shown in a 
subsequent paper, they are the chief products when certain 
aldehydes are used in place of ketones. The formation of ( ) 

has bLii noticed in one case, which is described in this naper, and 
its production and reactions clearly show the general mechan^.n 
of these condensations. It was found, for example, that when 

cycfopentanone is condensed with cyanoacetamide under conditions 

which usually yield the cyclic imino-compound (type I), the pro- 
duct is the unsaturHied amide (XTI). 


^ (xn.) 


(XIII.) 


c(:nh)— oH-co 
NH C,h;.U IIH 
CO ch-c(:nii) 

(XIV.) 

It is true that this amide yields, on treatment with nitrons acul, 
a-cyano-Ai-cyc/openteneacetic acid (XIII), identical with the com- 
pound obtained by Harding and Haworth (T., 1910, 97, 4 ), ^ 

the fact that it readily condenses with more cyanoacetamide 
form the di-imino-compound (XIV) is, we think, proo that 
must have the formula (XII), Its precipitation in the _ 
instance is due entirely to its insoluhility in the aqueous i 



REACrriON?; of IMINO-rOIUPOUNDS. PART XIX. 


689 


tisetl, i>ecause, if ^sufficient alcohol is employed, the reaction 
pursues a normal course with the direct production of the di-imino- 
(lerivative (XIV), The production of this intermediate product 
is. however, of interest, siifde it is probable that in all cases of 
this kind the initial condensation leads to the formation of the 
unsaturated derivative, which then reacts further with cyano- 
Hcetamide, forming the glutaric derivative. If this is the correct 
explanation, it is easy to understand the difference between the 
cyanpacetamide condensation and the Guareschi reaction, because, 
ia the former case, it is to be anticipated that the, addition of 
cyanoacetamide will lead to the more stable t/vu/.s -configuration. 


CN'C*C0*NH2 

• I' 

ll,C 


+ NH/C0'CH3‘CN 


CN-CH-CO-NHj 

Nlfg-CO-OH-CX 


whereas in Guareschi s reaction the jneseiice of excess of ammonia 
causes the production of the c/,s-derivative, owing to the tend^cy 
for the compouinj^ to pass inlo the anmionium salt, 

CN-CH-C(ONH,) 

CN-CIMJO 


ON‘CH*CONH, 

I 

NHa^CO-CH-CN 


The latter is therefore an enforced reaction, and can, as will 
be shown, be made to yield conrleiisation products in cases where 
a true catalytic reaction, such as the cyanoacetamide reaction, fails 
owing to a lack of tendency on the part of the ketone to yield a 
condensation product. It is found, for example, that the cyario- 
acetarnide reaction can be effected with all ketones having two 
secondary carbon atoms next to the carljonyl group. If one of 
these is tertiary, the cyanoacetamide condensation fails, but pro- 
ducts can be obtained by the Guareschi method, although in 
diminished yield. If both carbon atoms are tertiary, both the 
cyanoacetamide reaction and Guareschi s reaction fail to yield con- 
densation products, and the same is the case if one carbon atom is 
fiuaternary, as in camphor and pinacolin. 

We have been led to adopt this explanation of the course of the 
two reactions on account of the results of a series of experiments 
which have now been cai’ried out on the question of the elimina- 
tion of an alkyl group from the ortho-position during the con- 
densation of ketones containing such groups with cyanoacetamide. 

Ill Part XVIII (/oc. cit.) it was noticed that 2 -methyl cyclo- 
hexanone (XV) and 2 : 1-dimethylcyc/ohexaiione (XVI) gave with 
cyanoacetamide and piperidine the same condensation producte as 
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those derived from cycfohexanone and 4'j^ethylcyc/ohexauoiie 
respectively ; 


nil /CHj-CHMes 


^CH2-CHMe-.p^CH(CN)-CO' 

(XVII.) 




Great care^^was taken to purify these ketones, and although tke 
yields of the condensatioii products were small and the reactions 
very sluggish, their constitutions were unquestionable. It was 
therefore assumed that the inhjj)iting effect of the ortho-ttiethyl 
group prevented condensation, but that a certain portion, of the 
ketone eliminated the 'inhibiting methyl group and yielded tl;ie 
product next lower in the series. At the same time, it was fflen- 
tiqjiied that Squintani E. Accad, Set, J'ormOy 1912 — ^1913, 

48 , 675) had prepared from 2 -methyl cyclohexanone by the 

Guareschi method a condensation ])roduct mdjing at 21QJ, to 
which he assigned the structure XVI. It was also pointed but 
that the melting point of this substance was very close to th^Jp of 
the corresponding compound from cycfohexanondf’ %ailely, 
211 — 212°, and it was suggested that in this case also the ortho- 
methyl group had been eliminated. 

The whole question has no^v been re-examined, and the pure 
0 - methyl ketones have been regenerated from the carefully purified 
semicarbazones, with the result that it has been established beyond 
question that the ortho-substituted ketoues do not react with 
cyauoacet amide, but give by the Guareschi method a poor yield 
of the ortho-substituted condensatioii product. 

It follows also that the “pure’’ o-methyl ketones of Messrs. 
Poulenc contain appreciable quantities of the next lower homo- 
logue, which, curiously enough, cannot he detected either by 
analysis or by the precipitation of the semicarbazones, a fact that 
can be demonstrated in the following way. The “ pure^' 2-methyl- 
cyc/ohexanone of Messrs. Poulenc when treated with semicarbazide 
in slight excess W'as found to give a semicarbazone melting at 
183 — 184°, ill the crude conditiou, and at 190—191^, the correct 
melting point of the semicarbazone of 2 -methyl cyclohexanone, 
after being once recrystallised from alcohol (the semicarbazone of 
cyc/ohexanone melts at 163°). A mixture of pure cyclohexanone 
(15 per cent.) and pure 2 -methyl cyclohexanone (85 per cent.) was 
them made up, when it was found that a semicarbazone of the 
same melting point (183“-184°) as that derived from the Poulenc 
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ketoue was obtaii^. As a matter of fact, the presence of cydo- 
iiexanone could not he detected at all in this mixture. In the 
game way, the pure semicarbazone of 2 : 4-dimethyIcyc/ohexanone 
(melting at 194®) was precipitated from the “pure” ketone of 
Messrs. Poulenc, although the presence in it of at least 10 per cent, 
of 4-methylcyc^ohexanone is clearly indicated by the experiments 
described in this p*^er. 

Messrs. Poulenc informed us that this ketone must be free from 
4.c^c/ohexanone, because it is prepared by the Sabatier- Senderens 
process from OT-4-xyIenol. It is evident, however, that the ortho- 
methyl group is eliminated during the Sabatier-Senderens reduc- 
tion, and not during the cyanoacetamide condensation. It is also 
evid^t that Squintani was dealing with a similar mixture of 
cytfohexanone and 2-inethylcy<;/ohexanone, since the condensation 
product (XVII) prepared from th© pure ottho-ni ethyl ketone melts 
'atj?4'5® and not at 210®. The structures of our products (XVII) 
aaj (X\^II) follows from the fact that they are completely eon- 
verted into the acids (XIX) and (XX) on complete hydrolysis. 


(xviii.) 


-CH 


(XX.) 

CHa-CO.H 


(XIX.) 


Ifltiorder still further to emphasise the difference between the 
two types of reactions, we have investigated several other ketones 
Having one tertiary carbon atom next to the carbonyl group. 
These compounds do not form condensation product-s with cyano- 
acetamide, but condense to a limited extent (the yield is usually 
about 15 — 20 per cent.) when subjected to the Guareschi reaction. 
These results may be summarised as follows. 

2-Methylcyc/opentanone (XXI) yields the condensation product 
(XXII), which is transformed into the acid (XXIIl) on hydro 
lysis; 
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Dihydrocarvwie (XXtV) gives a fairly goo^ yield of the oou- 
densati on product (XXV), which, however, cannot be hydrolysed 
without deep-seated decomposition > 


OH. 






H(CMe:CH, 
{XXIV.') 




'^"2%oH(CMe:CH2)-CH, 


r^N:H(CN)-co'^^^ 


(XXV.) 


Methyl isopropyl ketone (XXVI) leads to the condensation pro- 
duct XXVII, which gives the acid XXVIII on hydrolysis: 


Pr 


>(JO 


Me--- S^>'<^h|cn!-CO>^H 

(XXVI.) (XXVII.) (xxvin.) 

Methyl i/^-biityl ketone (XXIX) is converted into the product 
XXX, and benzylethyl ]nethyl ketone (XXXI) into the compound 
XXXII: ^ 

CHMeE^^^ 


(XXIX.) 

CHjPh-CHMe' 

Me 

(XXXI.) 


CHMeKt^^p^CH(CN)•CO^^^r 
Me*^^^CH(CN ) 'CtK ^ ^ 


(XXX, ) 

>» ™.B..OHep^^agcOj,,„ 

(XXXII.) 


The condensation of benzyl isopropyl ketone (XXXIII) with 
ethyl cyanoacetate and alcoholic ammonia has been described by 
Guareschi {Ga::etfa, 1918, 48 , 97), who obtained a condensation 
product melting at 248°. We have repeated this condensation 
with the ketone supplied by Messrs. Poulenc, and have isolated 
both Guareschi's compound and also another which melts at 
214—216°. The former we have identified as the benzylmethyl 
derivative (XXXIV) which prepared from benzyl methyl 
ketone (XXXV) : 


(xxxin.) 


CHgPh 

Me‘ 




^CH(CN)d 

(XXXIV) 


CH„Ph- 
Me 
IXXXV.) 


'>€'0 


The latter was found to be identical with the benzylethyl deriv- 
ative (XXXVI) prepared in a similar manner from p\ire benzyl 
ethyl ketone (XXXVII) : 


(XXXVI.) 

(XXXVIIT) 


Et^ 
(XXXVII.) 
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It is evident, therefore, that the benzyl wapropyl ketone used 
tjy Guareschi and by us contained considerable quantities of benzyl 
ethyl and benzyl methyl ketones. In order to settle this point, 
prepared the pure benzyl isopropyl ketone by distilling a mix- 
ture of the calcium salts of phenyl acetic and wobutyric acids in 
accordance with Ludlam’s method (T., 1902, 81 , 1185). The 
purity of the ketone was controlled by the formation of the semi- 
carbazone, which we found to melt at 138 — 139®, in agreement 
^th the figure found by Blaise {Com.pt. rend.^ 1901, 132 , 480), 
aud not at 126®, the number given by Senderens (Compf. rend., 
1910, 160 , 1138). 

When condensed with ethyl cyanoacetate by the Guareschi 
jnethod, no trace of the condensation product (XXXVIII) could 
be isolated, and it would appear, therefore, that the occurrence 
of these lower homologues in commercial benzyl isopropyl ketone 
is another example of the elimination of ortho-alkyl groups. 

Some of the acids formed from these condensation products on 
hydrolysis appear to he abnormal, and a description of them is 
therefore reserved for a future communication. 


Experimental. 

The condensation of ketones with cyanoacetamide was carried 
>i!Lt in idle manner already described (T., 1911, 99 , 424). For 
he condensations with ethyl cyanoacetate, Guareschi's instructions 
ffere, in the main, followed. The ketone (one molecular propor- 
tion) was mixed with ethyl cyanoacetate (two molecular propor- 
tions), and a little more than three molecular proportions of 
ammonia, dissolved in absolute methyl or ethyl alcohol, added to 
the mixture. The solution assumed a yellow or orange colour and 
became warm. It was kept at 40® for forty-eight hours, by which 
time the ammonium salt of the dicyanopiperidine derivative had 
separated; in many instances, some cyanoacetamide was precipi- 
tated at the same time. In all cases, sufficient water was added 
to dissolve the salt, the solution extracted with ether to remove 
iiDchanged ketone, and the extracted solution acidified, when the 
dicyanopiperidine was precipitated, usually in several crops. All 
the compounds of this type were found to be colourless and to 
crystallise remarkably well. 


2‘MethiylcydolieAanone (XV, p. 690). 

This ketone, when carefully purified by repnerationg it from 
tb pure semicarbazone, does not condense with cyanoacetamide, 
the latter being recovered unchanged. 

VOL. cxv. 


D D 
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With ethyl cyanoacetate and alcoholic ainmonia, the commercial 
preparations of the ketone give mixtures containing varying 
quantities of two compounds, one melting at 207^ and the other 
at 245°. They can be separated by a tedious process of fractional 
crystallisation from 50 per cent, aqueous alcohol; the compound 
of higher melting point is the less soluble and crystallises out first, 
but mixtures of various melting points, ranging from 190° to 210°, 
are obtained intermediately, and this probably accounts for the 
results obtained by Squintani (see p. 690). 

The compound melting at 207° was identified by direct com- 
parison and by analysis (Found: C=62-28; H=5*79. CjoHjgOgNg 
requires C=62'3; H = 5‘6 per cent.) as the u-imide of oa^-dicyano- 

cyc7ohexane-l :l-diacetic acid, (com- 

pare Thorpe and Wood, T., 1913, 103, 1592). On hydrolysis 
with 60 per cent, sulphuric acid, it yielded cyc/ohexane-1 : 1-diacetic 
acid, melting at 181°, which was identified by direct comparison 
with a specimen prepared from cyclohexanone. 

The compound melting at 245° is the sole product of the reac- 
tion if the ketone used is absolutely pure; the yield is about 
3 grams from 11-2 grams of the ketone. 

The {o-imide of aa^-dicyano-2’methyhydohexane -\ : \-diacetic 
odd (XVII, p. 690) crystallises from 50 per cent, aqueous alcohol 
in glistening plates and melts at 245° with slight decomposition: 

0T016 gave 0'2375 CO2 and 0‘0557 H2O. 63*80; H — 6'09. 

0-1182 „ 17-7 c.c. N. at 19° and 766 mm. N = 17-34. 

CJ3HJ5O2X3 requires Q— 63‘7; H — 6’1; N = 17’l per cent. 

The w-imide of aa^-d/icarhamyl-^methyJcydohexane-l : Y-diacfiu 


“ obtained 

as a microcrystalline precipitate when the above ^icyano-derivative 
is dissolved in ten times its weight of concentrated sulphuric acid 
and the solution, after keeping for twenty-four hours at the ordinary 
temperature, is poured into ice-water. It crystallises from abso- 


lute alcohol in small plates, which melt and decompose at 275°: 


0i357 gav60‘2735 CO^ and 0*0828 HoO. C-54'96; H-6-78. 

0-1583 „ 21 c.c. No at 21° and 755 mm. N=:14'94. 

requires C = 55‘5; H — 6*8; N==14-9 per cent. 

%Mcthylc:yQ\ohcxone-\ :\-diacftic add (XIX, p. 691) is formed 
in excellent yield when the dicya no -derivative is hydrolysed by 
60 per cent, sulphuric acid in accordance with the method 
described by Thole and Thorpe (T., 1911, 99 , 434). It crystallises 
from dilute alcohol in colourless, iridescent plates, or from benzene, 
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in which it is sparingly soluble, in prismatic needles. Both forms 
jnelt at 148®: 

0-1088 gave 0*2462 CU and 0 0816 H.O. C^6l-70; H^-8-33. 

CiiHjg 04 requires C=61'7; H = 8*4 per cent. 

A normal solution of the neutral aininonium salt of the acid 
does not give a precipitate -with either barium or calcium chlorides, 
but if more concentrated solutions arc used, a copious precipitate 
of the calcium salt can be obtained on boiling. The mlver salt 
is a white, curdy precipitate : . 

0*1266 gave 0'0634 Ag. Ag = 50'05. 

CiJljj 504 Ag.;> requires Ag = 50-45 per cent. 

Neither the anhydride nor the semlanilide of this acid could be 
obtained in a crystalline condition, although the former can be 
readily prepared as an oil, insoluble in aqueous sodium hydrogen 
carbonate solution, by treating the acid with hot acetyl chloride, 


^\i4)mc.thyhyQ\ohexonoi^e (XYI, p. 690). 

The pure ketone, regenerated from the semicarbazone, does not 
toudense with cyanoacetamide. Commercial preparations of the 
ketoae readily condense with ethyl cyanoacetate, 12-6 grams of the 
tetone giving about 3'2 grams of a crude condensation product 
melting at 205—210°. 

On recrystallisation from alcohol, a small amount of a substance 
crystallising in needles and melting at 213° is obtained from the 
more soluble portion. This substance was identified as the w-imide 
of aa'-dicyanO'4-m ethyl cyc^ohexane- 1 : 1 -di acetic acid, 

by direct comparison with a specimen prepared from 4 -mebhyb 
gc/ohexanone. The bulk of the product consists of the tD-imJde 
of M^-(haj(ino-2‘.^-{li'metliylcy(^ohexane-\ \\-di(ic€tic ocid ^XVIII, 
p. 691), which crystallises from alcohol in sparkling plat-es melt- 
ing at- 236°, not unlike the 2 -methyl compound in appearance: 

0 I2r)4 gave 0 2970 COj and 0-0751 H.O. C:= 64-60; H=“6-C5. 

C 14 H 17 O 0 N 3 requires C-64-9; H = 6-6 per cent. 
'l-.i-Dimtthyhydohexane-l 'A'^Uacetic acid (XX, p. 691) is 
obtained in good yield when the above dieyano-imide is hydrolysed 
nth 60 per cent, sulphuric acid. It crystallises from water con- 
fining a little alcohol in long, prismatic needles melting at 152°, 
ind is very sparingly soluble in benzene : 

D T)* 
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O'llSO gave 0-2730 COg and 0-0935 H 2 O. 0 = 63*10; H = 8 - 8 a. 

• CJ 2 H 20 O 4 requires C=63’2; H- 8‘8 per cent. 

2 : 4-Z?« mcih ?//cycl oh e xo ne~\:\ -diace tic a nhydri d c , 

which can be obtained by boiling the acid with acetyl chloride, 
crystallises from light petroleum (b. p. 60 — 80°), containing a 
little benzene, in colourless plates melting at 68-5°: 

0-1173 gave 0-2959 CO, and 0*0918 H^O. C= 68-77; H = 8*70. 

Ci,Hjg 03 requires 0 = 68*6 ;‘H= 8* 6 per cent. 

The semianUidcy jii’epared in the usual manner from a benzene 
solution of the anhydride and aniline, crystallises from dilute 
alcohol in glistening lamina; melting at 151°: 

0-1095 gave 0-2850 CO, and 0*0820 HgO. 0 = 70-97; H = 8-13. 

requires 0=71*3; H = 8’3 per cent. 


j)i}iydrocarvone (XXIV, p. 692). 

The ketone was prepared by the reduction of carvone by zinc 
dust and sodium hydroxide (Wallach, Anmhn, 1894, 279 , 377). 
It does not combine with cyanoacetamide, but condenses fairly 
readily with ethyl cy a noacetate, the yield of condensation product 
being about 3 grams from 15*2 grams of the ketone. Care should 
be taken to remove the unchanged ketone by repeated extraction 
with ether, otherwise the condensation product is difficult to 
purify. The sole product of the reaction is the m-imide 

of aa^-dicya7\o-2-mcthyl~b-koprop)/lidenecyc\oliexa7ie-l : l-diacetic 
acid (XXV, p. 692), which separates from dilute alcohol in clusters 
of silky needles melting at 198 -199°, but sintering and darkening 
at 197°: 

0*1091 gave 0'2698 00, and 0‘t)667 H^O. 0 = 67*61; 11=6*79. 

0-1131 „ 0-2782 CO, ., 0*0688 HgO. 0=67-05; 11 = 6-76. 

0*0860 „ 10-8 c.c. N 2 at 14*5° and 774*5 mm. N = 15*00. 

CjgHjgO.iNj requires 0=67*4; H = 6'7; N = 14'7 per cent. 

Several attempts were made to hydrolyse this compound to the 
corresponding non-nitrogenous acid, but a deep-seated decomposi- 
tion appeared to take place, and we were unable to isolate any 
crystalline product. 


2-Mefhyhyc\openianone (XXI, p. 691), 

This compound -was prepared by the hydrolysis of the corre- 
sponding carboxylic ester with dilute sulphuric acid, according to 
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s method {Annalen^ 1901, 317, 27). It does not coin- 
1, jue with cyanoacetamide, and only gives a very poor yield of 
(ourionsatiou product with ethyl cyano acetate. This consists of 
,jje <3i4mide of aa^-dicyano-^-meihifhydopentam-l'.l-diaceAic acid 
(JCXII, p. 091), which crystallises from alcohol in glistening plates 
, 3 i, citing at 237 

00943 gave 0'2109 CO. and 0-0484 HoO. C:-62‘40; H = 5‘70. 

requires C— 62-3; H = 5-6 per cent. 

■l-Uethylcyc\opentane~\ : hdiacef ic acid (XXIII, p. 691) is 
obtained from the above dicyanodmide on hydrolysing it with 
go per cent, aqueous sulphuric acid. It crystallises from a mix- 
lure of benzene and light petroleum (b. p. 60 — 80'^) in small prisms 
melting at 112'^: 

01361 gave O'SOlO CO, and 0-0998 H,0 . 0 = 60-33; H = 8-15. 

CjfjHjgO^ requires 0 = 60-0; H = 8’0 per cent. 


cycloPentaaone . 

The greater part of the ketone required was prepared by dis- 
tilling adipic acid with a small quantity of baryta (D.R.-P., Appl. 
F.33624). The method gives a yield far superior to that obtained 
by the dry distillation of calcium adipate or by Blanc’s method 
mvolving the use of acetic anhydride. 

(kndenmtion with GyanoacetaMidc.^cycloVtnidiXion^ reacts in 
te condensation differently from c://cfohexanone and its deriv- 
atives, owing, presumably, to the gi’ eater solubility of the normal 
!ondeiisation product. Tf the operation is carried out at the 
ordinary temperature, very little of the imino-compound is formed 
even if an excess of cyanoacetamide is used. The main product is 
the amide of a-cy ano- -cy elope nteneacetic acid (XII, p. 688). 
li’hieh separates in several crops, usually in rhombohedral crystals. 
The yield is about 6 grams from 25 grams of cyanoacetamide. A 
little imino-compound (melting at 287°, see p. 688) also separates 
ill the later stages, and on acidifying the mother liquor, some di- 
iirtide (see p. 688) is obtained. The amide possesses a remarkable 
tendency to crystallise, and can be recrystallised from almost any 
the usual solvents. It separates from water in magnificent, 
long needles, closely resembling phthalic anhydride in appearance. 
fVom alcohol, in which it is freely soluble, rhombohedral aggre- 
>ates are obtained. Similar crystals separate from ethyl acetate, 
whereas from chloroform, benzene, or light petroleum the com- 
I'Oiitid crystallises in needles. It melts at 134°: 

JJ 11* 2 
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0-1257 gave 0*2940 COg and 0*0756 H^O, C = 63’98j H = 6-68 
0*1318 „ 21-5 c.c. No at 13° and 755*5 nun. N = 18*93. 

CgHj(,ON 2 requires, C = 64*0; 11 = 6*7; N = 18-7 per cent. 

On prolonged boiling with water, and especially dilute alkali, 
ammonia and some ryr/opentanone are evolved. On acidifyin|^f 
and extracting with ether, an acid is obtained melting at 130 — 13P, 
This acid is, however, more conveniently prepared by dissolving 
the amide (1 gram) in concentrated sulphuric acid (5 c.c.) and 
slowly adding 6 c.c. of a 20 per cent, sodium nitrite solution to 
the ice-cold mixture, the reaction being completed by warming 
on the water-bath for half an hour. On cooling, the solution 
deposits the acid in thin, felted needles, which, after recrystallisa- 
tion from a mixture of benzene and light petroleum, melt at 
130—131° (Found: C- 63*70; H = 6*18; N = 9*57. CsH^O.,N 
requires C — 63‘6; H = 6'0; N = 9'3 per cent.). The acid is 
evidently identical with a-cyano-A^-cycZopenteneacetic acid (XIT, 
p. 688) obtained by Harding and Haworth (T., 1910, 97, 486). 

If the condensation of cyc/opentanone with cyanoacetamide is 
effected at a higher temperature and care is taken to prevent the 
precipitation of the amide by adding more alcohol, the reaction 
proceeds a step further. Thus when 14 grams of cyanoacetamide 
are dissolved in 50 c.c. of water, 7 c.c. of cycfopentanone, 50 c.c. 
of alcohol, and a few drops of piperidine added, the liquid, aftei 
being kept for some time at 37°, deposits a microcrystalline solid, 
melting and decomposing at 287°, which is completely soluble in 
dilute mineral acids, and appears to be the {n-di-iminodi-imide of 
cydopentane-\\\-d-malo7iic acid (XIV, p. 688). The yield of this 
substance is, however, poor, and the condensation is not to be 
recommended for the preparation of the corresponding diacetic 
acid. Much of the imino-compound remains in solution, and 
separates on acidifying as the di-imide (see below). The formation 
of the acid by-product (the dicyano-imide) was not observed. 

A similar result is obtained when an alcoholic solution of cyano- 
acetamide (one molecule) and the amide of a-cyano-A^-cycfo- 
penteneacetic acid (p. 688) is mixed with a few drops of piperidine 
and allowed to remain at 40°. A small amount of the imino- 
compound (XIV, p. 688) is deposited first, and, on acidifying, the 
di-imide separates. 

The di-iminodi-imide (XIV, p. 688) is soluble in dilute minera 
acids, and separates again if the solution is immediately pourec 
into aqueous sodium acetate, but even then a partial hydrolysis oi 
the imino-groups occurs, and concordant figures could not be 
obtained on analysis. For the same reason, the platinichloricie 
could not be prepared uncontaminated with ammonium platmi- 
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chloride. The specimen for analysis was therefore purified by 
gashing, and the analytical figures lead to the formula 
CjiHi 4 ^ 2^4 + it must be remembered that the com- 

pounds of this type burn only with the greatest difficulty : 

0*1590 gave 0*3177 COg and 0*0920 HgO. C=54*50; H = 6‘43. 
0*1125 „ 0*2255 COg „ 0*0647 H^O. C-54*67; H=:6*39. 

0*1635 „ 29*8 c.c. Ng at 8*5° and 760 mm. N = 23*36. 

CiiH 3402 N '4 + JHgO requires C=54'3; H-6*2; N = 23*l per cent. 


The (s>~I)i-iviide of cycloFentane-\ il-dimcelonic Ac^d^ 

CO CEi-CO 

NH C.H’O NH. 

I II 

CO CH'CO 

This compound is obtained on acidifying the mother liquors from 
which the di-imino-compound has been filtered off^ or by boiling 
the latter with dilute hydrochloric acid for a short time. It can 
he produced in a variety of crystalline forms — usually in fern- 
shaped aggregates of prisms — if allowed to separate slowly from 
the original liquors. When recrystallised from much alcohol or 
glacial acetic acid, it is obtained in small, silvery plates which 
decompose without melting at about 360°; 

0*1282 gave 0*2608 CO, and 0*0616 H^O. C=55*48; H=35*34. 

0*1814 „ 18*2 c.c. Ng at 8° and 757 mm. N = 12*03. 

Ci|Hj, 04 N 2 requires C = 55*9; H = 5*l; N = ll*9 per cent. 

The di-imide slowly dissolves in sodium carbonate solution, but 
is sparingly soluble in all organic solvents. 


The Amide of cydoPeniane-l :\-dimcdonic Acid, 

CHg-CH . 

(C( )jH)-CO-K' 

When either the above di-imide or the dicyano-imide (see below) 
is hoiled with a slight excess of 20 per cent, aqueous potassium 
hydroxide for not longer than three-quarters of an hour, the solu- 
tion deposits this amido-acid as a crystalline precipitate when 
acidified. It can be recrystallised from water, and melts with 
vigorous decomposition at 157°: 

0*1636 gave 0*2907 CO, and 0*0819 H^O. C==48*46; H=5’56. 

CijUj^O^N requires C = 48*4; H = 5*5 per cent. 

0*1647 required 18*20 c.c. of il7/10-NaOH for neutralisation. 

CjjHi^OyN (tribasic) requires 18*10 c.c. 
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, . -7 CHg’CSg. ^ .CHiCOjH). 

cyQ\oPenUine’\ :l-mjncUonic Acid^ •CH5^^^CH(CO 'H) 

When a solution of the above amido-acid in an excess of 10 per 
cent, sodium hydroxide solution is boiled until no more ammonia 
is evolved, and the solution is acidified, the above acid separates. 
It crystallises from hydrochloric acid in plates, which decompose 
at 169° into carbon dioxide and cyc^opentane- 1 : 1 -diacetic acid: 
0-1062 gave 01872 COo and 0-0510 HgO. C-4810; H=:5-34. 

CijHi^Og requires C=48-2; H = 5-l per cent. 

The imide of cyc\opentane-\ : \-diacetie acid. 




.CH,-CO 
■'CH.-CO^ ’ 


is prepared by heating the ami do-tricarboxylic acid at a tempera- 
ture a few degrees above its melting point until the evolution of 
carbon dioxide has ceased. It crystallises from water in glisten- 
ing plates melting at 153°: 

01139 gave 0*2705 CO .2 and 0*0805 H 2 O. C=64'7< ; 11= ^-85. 

0*1652 „ 13*0 c.c. N 2 at 26*5° and 760*3 mm. N = 8 - 68 . 

C 9 H 1 AN requires C = 64*7; H = 7*8j N = 8-4 per cent. 


CHg-CHg. ^ .CHg-COjH . 

cyc\oPc^itci^i * X-diocstic Gcidj ‘CH *CO ^ 

obtained in excellent yield when either the imi no -compound or the 
di-imide are hydrolysed with sulphuric acid in the usual way. 
The acid crystallises from water in fern-shaped aggregates of pris- 
matic needles melting at 176—177°. It is sparingly soluble in 
benzene : 

0*1371 gave 0*2910 COo and 0*0920 HoO. C = 57*89; H = 7*46. 

C 9 H- 4 O 4 requires C=58*l; H = 7*5 per cent. 

A normal solution of the neutral ammonium salt of the acid 
givGj no precipitate with barium chloride either in the cold or on 
boiling. On boiling with normal calcium chloride solution, a 
white precipitate is formed, which does not redissolve on cooling. 
The silvej' salt is a white, curdy precipitate, which slowly darkens 
on exposure to light; 

0*2149 gave 0-1159 Ag. Ag = 53*84. 

C 9 H 4204 Ag 2 requires Ag = 54*0 per cent. 
cyc\oPenia7ie-l :\-diacetic anhydt'ide, 

CH,*CH2 CH^'CO 


is obtained when the acid is boiled with an excess of acetic 
anhydride or acetyl chloride, and crystallises as the reagent 
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gvapQrates. It separates from light petroleum (b. p. 60 — 80°) con- 
taicing a little benzene in iridescent lamin® melting at 68 ° : 

0*1528 gave 0*3586 CO^ and 0*0936 H^O. C=64*02 ; H=6*81. ■ 
C 9 H 12 O 3 requires C=64*3; H = 7-0 per cent. 

The semianilide is readily obtained on boiling the anhydride 
and aniline in benzene solution. It crystallises from alcohol in 
large, colourless laminae melting at 118°: 

0-1127 gave 0*2852 COo and 0*0730 H^O. C-69-03; H'=T- 20 . 
GjjHjgOgN requires 0=69*0; H = 7*3 per cent. 


The (j)-lmide of aa^-DicyanoayQXopentaneA. \\-diacetic Acidi 

CH,-CBr^^ ce(ON)-co 


This compound is obtained when cyc7opentanone is condensed 
with ethyl cya no acetate in the presence of alcoholic ammonia, the 
yield being about 50 per cent, of the theoretical. As a good yield 
of cyc^opentane- 1 : 1 'diacetic acid can be easily obtained from the 
dicyano'imide on hydrolysis, this condensation is the best means 
for preparing the acid in quantity. The imide crystallises from 
dilute alcohol in stellate clusters of needles melting at 179 — 180° : 
0*1588 gave 0*3531 CO. and 0*0717 H.O. C=60*63; H = 5*02. 

requires C = 60*S; H = o*] per cent. 

The (ji-irnide of aa^~di('arha}}iylcyc\Qpe}7tane-l :l-diaceiic acid, 

is foriTiecI from the dicyano- 

derivative when it is treated with cold, concentrated sulphuric acid. 
It crystallises from much alcohol in small, colourless prisms, which 
darken at 285° and carbonise without melting at 310° : 

0*1166 gave 0*2219 CO. and 0*0631 H.O. C=51*88; H = 6 ' 01 . 
0*1620 ,, 23*4 c.c. N. at 15*5° and 751*5. N = 16*62. 

C 1 JH 15 O 4 N 3 requires C=52‘2; H=o*9; N = 16*6 per cent. 
Complete hydrolysis of the above compounds with 60 per cent, 
sulphuric acid leads to cyc/opentane-l : 1 -diacetic acid. 


Methyl hoPropyl Keionc. (XXVI, p. G92). 

This ketone does not condense with cyanoacetamide. The com 
deiisation with ethyl cyanoacetate has already been carried out by 
Ouareschi {Atti E. Accad. Sci, Torino, 1901, 50 , 288), but he lid 
not analyse the product. 

IVe find that 8*6 grams of the ketone when treated with 22'6 
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grains of ethyl cyanoacetate and 50 c.c. of alcoholic ammonia 
(12 per cent.) give 3*2 grams of the condensation product, 'which 
is the <i}4mide of aa*-dicyano-B‘^ethyl-fi-isopro'p^lglutaric acid 
(XXVII, p. 692). It crystallises from alcohol in lustrous plates 
which melt at 233 — 234^^ : 


0”1271 gave 0*2815 COo and 0*0656 H2O. C=60*40; H = 5*74. 
0*1603 „ 26-1 c.c. No at 9"^ and 756 mm. N==19*40. 

0^^112302X3 requires C = 60*3; H=5'9; N — 19*2 per cent. 

^Methyl-^-i^oprop'^lglutaric acid (XXVIll, p. 692) is produced 
when the above imide is hydrolysed with 60 per cent, sulphuric 
acid. It crystallises from benzene in small plates melting at 100°: 

0*1315 gave 0*2761 CO. and 0*0994 H.O. 0=57*26; H = 8*40. 
C9H26O4 requires C=57*4; H = 8*5 per cent. 

^’Methijl‘^-hopropT/lplutaric anliydridt, 

is prepared by boiling the acid for a short time with acetyl chloride. 
It crystallises from light petroleum (b. p. 60—80°) mixed with a 
small quantity of the same solvent boiling at 80 — 100° in glisten- 
ing plates melting at 41—42° : 

01181 gave 0-2740 CO. and 0*0880 H.O. C = 63*28; H = 8'28. 
Cf,Hj403 requires C = 63‘5; H = 8'2 per cent. 


Methyl ijj-iiiftyJ Ktioite (XXIX, p. 692). 

This ketone was prepared by the hydrolysis of ethyl methyl- 
ethylacetoacetate according to the directions of Wislicenus 
[Annahen, 1883, 219, 303). It does not condense with cyano- 
acetaraide, but gives with ethyl cyanoacetate a very small yield 
of the m-iinide of aa'-dicyaiuy-^-utcfhyl-^-^-butyiyhiiarn) acid 
(XXX, *p. 692), a substance wliich crystallises from alcohol in 
magnificent, nacreous ]3lates resembling naphthalene in appear- 
ance, and melting at 215—216°: 

0*0827 gave 0'1860 CO. and 0 0471 ILO. C-61*33; H = 6'33. 

0*0553 ,, 8*65 c.c. N.. at 16*5° and 770 mm. N = 18*36. 

C12H45O2N3 requires C=61’8; H = 6'44; N = 18*0 per cent. 

Benzyl ethyhu ethyl Ketone (XXXI p. 692). 

The ketone required for this investigation was prepared accord- 
ing to Harries and Muller’s method {Ber., 1902, 35 , 966). The 
yield of condensation product with ethyl cyanoacetate and 
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alcoholic ammonia was found to be exceedingly small 0 5 gram 

being obtained from S'l grams of the ketone. The (o-imiL of 
acJ-dicyano-^-methyl-^-{a‘henzylethyl)glutaric acid (XXXII p 
692) crystallises from dilute alcohol in small needles meltine at 
;]23— 224°: ^ 

0*1212 gave 0’3068 CO^ and 0*0636 0=69*05; H = 5*83. 

requires C = 69*2; 11 = 5-8 per cent. 


Benzyl hoPropyl Ketone (XXXIII, p. 692). 

The pure ketone was prepared by distilling together an intimate 
mixture of calcium phenylacetate and calcium wobutyrate in a 
current of carbon dioxide. The product was fractionated and 
separated into three main fractions, consisting of ditsopropyl 
ketone, benzyl esopropyl ketone, and dibenzyl ketone. After 
refractionation, 30 grams of benzyl /sopropyl ketone were obtained 
from 165 grams of calcium phenylacetate. The ketone boils at 
238—240°. The semicarhazone is formed when a solution of semi- 
carbazide acetate is mixed with the ketone, together with enough 
alcohol to bring the latter into solution, and the mixture allowed 
to remain overnight. It crystallises from alcohol in small, cubical 
crystals resembling common salt, and melts at 138° to a colourless, 
opaque liquid, which clears at 139° : 

0*1454 gave 25-8 c.c. No at 28° and 762*4 mm. N= 19*38. 

requires X = 19*2 per cent. 

No condensation product could be obtained from this ketone 
either with cyanoacetamide or with ethyl cyanoacetate. 

When a commercial preparation of the ketone was employed, a 
condensation product "was obtained in poor yield; from ^lis, two 
compounds were isolated by fractional crystallisation from alcohol. 
One of these crystallised in clusters of prismatic needles melting 
at 214 — 216° and was proved by direct comparison to be identical 
with the beiizylethyl compound {qA'.) (Found: C= 68*21; H=5*36; 
X = 15'17. CjgHj^O.Ng requires C=68*3; H = 5-3; N = 14*9 per 
'’eat,). 

The other compound can be obtained from the mother liquors 
after the above compound has separated out, although, with one 
sample of the ketone, it formed the greater part of the condensa- 
tion product. It crystallised from alcohol in long, flattened needles 
melting at 246 — 247°, and was proved by direct comparison to bo 
identical with the benzylmethyl compound (^.'V.) (Found: 
^'67*53; H = 5’09. CijHjgOoNg requires C=67-4; H = 4*9 per 
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cent.). This compound appears to be identical with the one 
described by Guareschi as the benzyb'sopropyl derivative (^azzetta^ 
1918, 48 , 97).^ 

Senzf/l Ethyl Ketone (XXXVII, p. 692). 

A condensation product with ethyl cyanoacetate was readily 
obtained from this ketone, and was prepared for the sake of oom- 
paring it with that obtained from benzyl isopropyl ketone. We 
find the yield to be as high as 7*5 grams from 14:’8 grams of the 
ketone (compare Guareschi, Gazzetta, 1918, 48 , 92). 

The 10 -imide of aa^-dicyarKh^^henzyl-^-ethylglutaric acid 
(XXXVI, p. 692) crystallises from alcohol in fine, prismatic 
needles melting at 214 — 216° (Guareschi, loc, ciL, gives 222 — 226° 
as the melting point of this substance) : 

0-1192 gave 0*2984 CO 2 and 0‘0566 0=68‘27; H=:5-28. 

C 16 H 15 O 2 N 3 requires 0=68-3* H = 5‘3 per cent. 

The products obtained by the acid hydrolysis of this imide 
appear to be abnormal, and are still under investigation. 


Benzyl Methyl Ketone (XXXV, p. 692). 

This ketone condenses very readily with ethyl cyanoacetate and 
gives a good yield (13 grams from 10 grams of the ketone) of the 
(a-imide of aa^-dicyan()-^-henzyl-^-7nethylglutaric acid (XXXIV, 
p. 692). It crystallises from alcohol in long, flattened needles, 
which melt at 246 — 247° and decompose a few degrees above this 
temperature : 

01194 gave 0-2938 CO. and 0 0506 HoO. C-67*12; H=4-71. 

O-lO^p „ 0-2650 COo (by CrOg method). 0=67*40. 

CjgHigO-^Ng requires 0 = 67*4; H = 4-9 per cent. 

The Imperial CoLiiEGE op Science and Technology, 

South Kensington. [ReceAved, June 3rd, 15)19.] 
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Blue John'^ and other Forms of Fluonte. 

By Bertram Blount and James Harry Sequeira. 

A ROOD deal of work has been done on the properties of fluorspar 
or fluonte in the various forms in which it occurs in nature 
Fluorspar as an industrial substance is ably dealt with in a memoir 
of the Geological Survey, entitled " Special Reports on the Mineral 
Resources of Great Britain,'’ by Messrs. Carruthers, Pocock, and 
May, to which Messrs. Dewey and Brownhead have contributed. 
Ill this pamphlet, no reference is made to the cause of the colour. 

Derbyshire is properly regarded as the home of ‘^Blue John*’' 
The famous Blue John mine is in the Castleton district, and is 
thus described. “ The Blue John mine consists of a number of 
uatural caverns in carboniferous limestone connected by tortuous 
pipes or fissures and extending for a great distance. The blue 
fluorspar or ‘Blue John’ occurs as a lining on the walls of fissures 
and pipes, or in concentrically arranged layers. It is associated 
with barytes, and a leader of this mineral is usually considered 
a good guide to a deposit of ‘Blue John.’ The so-called veins are 
irregular, flattened pipes running for a while almost horizontally, 
and then bending sharply up and down and cutting across the 
bedding. Where a vein is nearly flat, its upper and lower surfaces 
are lined by coatings of blue fluorspar. . . .'’ This is enough for 
the present purpose, and it may be accepted that this is the 
best account extant of the occurrence of “ Blue John ” in Great 
Britain. 

There is nob much that we have been able to discover in foreign 
literature except a paper by H. W. Morse {Proc. Ame^. Acad. 

■ irfs a)}(l Sci., 1906), which deals chiefly with the fluorescence of 
fluorite as studied in the spectroscope, but incidentally touches on 
some points of interest here. The essential statements are that the 
cause of the colour may be due to organic matter, and the con- 
clusion arrived at is that “the question as to the cause of the 
colour of fluorspar still remains in this unsettled state.” It is 
further said that the cause of the odour on heating is doubtful, 
and, further, that the gases expelled by this means are chiefly 
carbon dioxide, carbon monoxide, and hydrogen. Tests were made 
lor helium on 10 kilos, of fluorite with a negative result, and the 
author of the paper feels so doubtful of his conclusion that towards 
end of his pa])er he says : “ I saw no reason to question the 
statement that the colour of fluorite is due to organic matter,” 
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The evidence for and against this view is given in the ensuing 
notes of experiments made by ourselves. 


Chemical Com'position of Blue John. 

Below are analysis of “ Blue John " and of the white parts of 
the same mineral. 

Wliite portions of 

“ Blue John,” same sample. 



Per cent. 

Per cent. 

Calcium fluoride 

99-69 

99-71 

Alumina and ferric oxide 

0-048 

0-026 

Manganese 

nil 

nil 

Magnesia 

0-006 

0-005 

Chlorine 

nil 

nil 

Sulphur trioxide 

nil 

nil 

Sulphur 

. . , trace 

trace 

Phosphorus 

0-09 

0-08 


It will be seen that the difference between them is so small as 
to be almost inappreciable. It will also be noticed that metals 
such as manganese, which have been regarded as likely to be the 
cause of the colour, are practically absent. 

The natural conclusion is that the colour of “Blue John’’ is 
due to some organic dye of animal origin, and that this has been 
absorbed by certain parts of the “ Blue John ” as distinct from 
others. Some support is given to this idea by the fact that there 
is usually a mechanical line of demarcation between the white and 
blue portions of typical pieces of “Blue John.” This assumption 
of the cause of colour was tested by systematic extraction of Blue 
John,” powdered so as to pass a 60 x 60 mesh sieve, with chloro- 
form, toluene, and aniline. Chloroform extracted OJl per cent, 
of oily matter, toluene 0‘04 per cent, of a similar substance, and 
aniline nothing further. Acetone, nitrobenzene, and naphthalene 
were also tried, with negative results; the extracted mineral 
remained as deep a blue as before extraction. A combustion of 
the extracted material gave C=0‘046 per cent., showing that the 
amount of organic matter must be minute. The hydrogen was 
O' 17 per cent., but this is probably due to a small quantity of 
water combined or occluded, and the same remark may apply to 
the carbon, which may have existed as liquid carbon dioxide in 
the crystals. The “Blue John” after combustion was colourless. 

It may he remarked that all these experiments were made on 
the mineral direct from the mine. Earlier experiments were made 
on “Blue John” prepared as ornaments, and at that time the 
authors were not aware that the handsomest specimens are filled 
with resinous matter in order to make them easier to handle and 
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to turn. Probably on tbis account otber cbemists Have besn mis- 
led into the belief that the colouring material is organic, because 
they have found organic matter in the samples which they ex- 
amined, and supposed that it was of natural origin. It remains a 
fact, however, that organic matter exists in Blue John/' This 
organic matter is not affected by a temperature of 150*^. When 
a temperature of about 350° is reached, the “Blue John’' 
decrepitates and the colour disappears. 


Gases from- ‘‘Blue John.'^ 

On account of experiments, which will be described later, it was 
supposed that the colour of “Blue John'' might be due to the 
action of radium, and many trials were made in this direction. 
As is well known, glass is easily coloured by the rays from radium, 
and a series of experiments was made by one of us. 

While these experiments were proceeding, another method was 
adopted for the same end. A fairly large quantity (about 
jO grams) of “ Blue John " direct from the mine, not impregnated 
by any extraneous resinous material, was heated in a hard glass 
tube, and the gases were pumped out. After the carbon dioxide, 
hydrogen, and nitrogen had been removed, the remaining inert 
gases were examined spectroscopically in a Pliicker tube. Argon 
was present, but helium was not. The deduction is that the gases 
consisted only of those that occur naturally in rocks and minerals 
which readily decrepitate. 


Green Fluorspar '‘Green John.‘' 

This is similar to “Blue John,” but decrepitates with greater 
violence. Both varieties fluoresce on heating, the light from the 
green kind being more vivid. Green fluorspar, called conveniently 

Green John,” and so referred to hereafter, appears to be much 
rarer than “Blue John,” and it was only by the kindness of a 
friend that a specimen of good quality was obtained. Others 
taken from mines in Durham and Cornwall were evidently less 
pure. As the quantity of good Green John ” available was some- 
what small, our examination of it was necessarily limited, and the 
gases which are given off on decrepitation were not analysed, the 
luautity at our disposal being too small for any satisfactory 
examination. 

Systematic experiments by one of us (J. H. S.) were carried 
out at the London Hospital on the action of radium and A-rays 
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on various samples of fluorspar. The not«s made at the time are 
here recorded. 

(A) "///i/c Jdhii." : E.iperimc/its irli/i. Rwiiinn. 

(1) Two pieces of handed fluorspar Blue John were exposed 
to radium, contact being made with a plate 2*5 cm. square con- 
taining 30 milligrams of radium salt under a varnish. 

As a result of this exposure, both pieces of spar changed colour, 
the whit© parts becoming bright blue and the blue becoming 
darker. In ten days these changes were well marked. 

(2) Pieces of '"Blue John,’ ‘'Green John,” and white fluorspar 
were similarly exposed. In three days, a bright blue change was 
noticed in the white fluorspar, the ‘"Green John” was slightly 
darker, and the ‘‘Blue John’ much darker. 

(3) Portions of ‘‘Blue John” were heated in glass tubes, and 
thereby decolorised. These decolorised specimens were then ex- 
posed to radium and to X-rays. The specimen exposed to radiinn 
for fourteen days became a light blue. The specimen exposed to 
A-rays for about twenty- four hours continuously became dark 
purple. 

(4) A small portion of “Blue John,” banded, was exposed for 
six hours to X-rays, and turned almost a dark violet colour. 

The “Green John” exposed for fourteen days was distinctly 
<iarker in colour. 


(B) (cith 

(1) Half an hour’s exposure at 7*5 cm. produced on: 

“ Blue John,” slight deepening. 

“Green John,” no change. 

Fuorspar, change to violet shade. 

The fluorspar, on being replaced in a drawer, returned to almost 
normal colour. 

(2) Half an hour’s exposure at 7*5 cm. product on: 

“Blue John,” slight deepening. 

“Green John,” no change. 

Fluorspar, change to violet shade. 

- The fluorspar returned to abnost normal colour. 

(3) Forty-five minutes’ exposure at 7*5 cm. produced on: 

Blue John,” more marked change. 

“Green John,” no change. 

Fluorspar, more marked change. 
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The fluorspar almost recovered. 

(4) Ten minutes’ exposure at 7*5 cm. produced on: 

Fluorspar, light violet colour. 

No other change perceptible. 

(5) Half an hour's exposure at 7*5 cm. produced on: 

''Green John," fluorescence. 

Fluorspar, change as before. 

The "Green John," after being carried into a dark room, still 
fluoresced for about three or four minutes. 

Fluorspar in a glass tube also fluoresced, but very slightly. 

(6) Ten minutes’ exposure at 7*5 cm. produced on: 

' Green John," slight fluorescence (both). 

Material after resting for fourteen days; 

Fluorspar was pink with one mauve spot. 

"Blue John" was darker than when experiments started. 
"Green John" did not appear to have changed at all. 

The flporspar in glass was darker than at first. 

None of the specimens exposed to Arrays made any change in 
photographic plates, even after prolonged exposure. 

Even after colour changes had been produced by exposures to 
X-rays and radium, there was no evidence of radioactivitv, as 
?howu by exposure of a photographic plate. 

From these experiments, it appears that there is no substantial 
difference between white fluorspar and "Blue John," except in 
respect of the small amount of organic matter which gives the 
colour of " Blue John.” 

The same seems to hold for "Green John" and for the 
amethystine varieties. It appears that the colouring matter is, 
after all, organic. The influence of A-rays and of radium on 
natural fluorspar appears similar to that on glass. The causa 
tmans is unknown. 

From a series of experiments which have now lasted more than 
two years, there is no reason to suppose that what in the earlier 
trials seemed to be a reasonable hypothesis, namely, that the colour 
of "Blue John" and other varieties of coloured fluorspar owes its 
origin to radioactive effect, has no foundation, 

76, York Street, 

WES-rMiNSTEH, S.W. 1. \REceived, April 7(/i., 1919.] 
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LIX . — Studies in Catalysis. Part XI. The Li> 
Chaielier- Braun Princi])le. from the Point of 

View of the Radiatioji Hypothesis. 

By William Cudmoue McCullagh Lewis. 

The object of this note is to point out that the quantum-radiation 
view of chemical reactivity is in agreement with the thermodynamic 
principle of Le Chatelier and Braun as applied to the effect 
of temperature on the equilibrium constant of a reversible reaction. 
Consider the reversible reaction: 

reactant ^ resultant. 

Let us suppose that the reaction from left to right is endothermic. 
Then, in accordance with the principle of mobile equilibrium, an 
increase in temperature will favour the resultants. 

From the point of view of radiation, the fact that the above 
process is endothermic means that the critical increment of the 
resultant is less than that of the reactant. This follows from the 
quantum-heat expression : 

heat evolved — critical increment of resultant minm 

critical increment of reactant, 
or heat evolved = where N is the Avogadro number 

and h is Planck’s constant. In the case considered, it follows that 
the critical frequency of the resultant is less than the critical 
frequency of -the reactant. 

Let us consider the above equilibrium at two different tempera- 
tures, ITj and where Tj is less than short infra- 

red region (which has already been shown to be of significance for 
reactions which proceed with measurable velocity at the ordinary 
temperature), as well as for the visible and ultra-violet regions, 
the radiation density corresponding with the frequency rq at is. 

SirkVlll^ ^ n.n. 

and at T.j the density is 

where c is the velocity of light in a vacuum. 

If 'i\ and Tg are not very far apart, and especially if the react- 
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jag system is gaseous, the refractive index term n will be practic- 
ally the same at both temperatures. 

The fractional increase in the radiation density, due to the rise 
in the temperature from to at the frequency vj, is given by 






which is equal to 



gimilarlyj for the fractional increase in the* radiation density at 
the frequency vo we obtain 



Since by hypothesis vj is greater than vo, it follows from the above 
expressions that the fractional increase in the radiation density 
at the frequency vj is greater than that at the frequency v^. 
Hence at the higher temperature the radiation density of the type 
absorbable by the reactant (v^) has increased reJatirfJi/ to that 
absorbable by the resultant (vo). 

On the radiation hypothesis of chemical reactivity, it is assumed 
that the rate of decomposition is directly proportional to the radia- 
tion density. For both frequencies, the rise in temperature has 
caused an increase in the radiation density, but the increase is 
relatively greater for the higher frequency (I'j) as compared with 
the lower frequency (vo). It follows, therefore, that at the higher 
temperature both the reactant and the resultant react or decom- 
pose more rapidly than they do at the lower temperature. This 
is in agreement with experiment. AVhat is more important, how- 
ever. is that the reactant decoinposes at a relatively faster rate 
than the resultant, because the radiation density of the reactant 
is relatively increased with respect to that of the resultant. Hence 
as the temperature is raised, the existence of the resultant, in the 
above case, is favoured more than that of the reactant, and the 
equilibrium position shifts over towards the right. Had the reac- 
tion been exothermic, the relative positions of vj and would have 
been reversed, with the result that the equilibrium concentration 

the reactant would have increased relatively to that of the 
resultant. 

These conclusions are identical with those which are arrived at 
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on the basis of the principle of Le Chatelier and Braun. ^ The 
radiation hypothesis is therefore in complete agreement with the 
thermodynamic generalisation; and, in fact, the conclusion regard- 
ing the direction of the change in the equilibrium position with 
temperature could be inferred on the radiation basis alone, with- 
out any direct appeal to thermodynamics. 


Muspratt Laboratory of Physical- iim Elbctro-chemisxky, 


University of 


Liverpool. 

[JJccetvcd, May 29(h, 1919.] 
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Organic Symbols. Ixgo W. D. Uackh {Science^ 1918, 48, 

335). — The author has evolved a ‘'chemical shorthand" to 

represent the constitutional 'formulse of organic compounds, for 
is claimed the merits of compactness, exactness, accuracy, 
clearness, and simplicity. The atoms of the four elements carbon, 
Irvdrogen, oxygen, and nitrogen are to be imagined as points in 
the symbol, and these points are determined by lines (the bonds or 
valencies of the elements) terminating (hydrogen), meeting (oxygen 
and nitrogen), or crossing (carbon). Thus, a hydrogen atom is 
assumed to exist wherever a line ends, an oxygen atom wherever a 
line makes an angle or two lines meet, a nitrogen atom wherever 
^hree lines meet or arise, and a carbon atom wherever two lines 
cross or four lines radiate. Single bonds are represented by straight 
lines and double bonds by curved lines. The symbol for acetic 
acid is therefore Numerous examples of symbols are given, 

including those for such complicated substances as morphine, 
hjemoporphyrin, and an octadecapeptide. An asymmetric carbon 
atom is indicated by a dot in the symbol. C. S. 

The Atom of Bohr ia Organic Chemistry. E. H. Buchj(eb 
[Ghem. Wtekhlad, 1919, 16, 521 — 527). — A theoretical paper in 
which the author applies the ideas of Rutherford and Bohr regard- 
inff atomic and molecular structure to organic compounds. As a 
consequence of the assumed mode of atomic linking, the symmetrical 
tetrahedral structure of the methane molecule is deduced, the 
replacement of one or more hydrogen atoms by substituents causing 
deformation of the regular tetrahedron. The theory is further 
applied to the elucidation of the nature of the double bond between 
carbon atoms. This is shown to differ from the single bond only 
in the greater radius of the electron orbit, in which four electrons 
are present instead of two, and in the consequent increased distance 
between the carbon nuclei. The geometrical isomerism of maleic 
and furaaric acids, and the transformation of cis~ into ^ra77s-forms, 
are discussed. Kekule’s representation of the benzene molecule as 
a imiplanar hexagon of alternate singly and doubly linked carbon 
atoms receives support from the theory. The possible existence of 
two koin eric ortho-disubstitution products of benzene is admitted, 
owing to the essential qualitative similarity of the single and 
tte double bond, already referred to, it is pointed out that the 
difference in properties of two such isomerides wmuld probably be 
imperceptible. W. S. M. 

A New Reaction of Paraffin Hydrocarbons. E, V. Lysv 
[I Amer. Chem, Soc., 1919, 41, 368— 370).— When the reddish- 
iirown solution of nitrosyl chloride in ri -heptane is exposed to sun- 

voi, cxvi. i, 
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light, it gradually becomes blue and deposits ammonium chloride. 
The blue colour soon fades, and the turbid liquid then deposits a 
yellow oil, considerable volumes of hydrogen chloride being evolved. 
The oil decomposes further when submitted to steam distillation, 
hydroxylamine remaining in the residue. The distillate is very 
fragrant, and apparently consists of a mixture of the three 
?i-heptanoues, although no fraction yielded the semicarbazotie of 
dipropyl ketone, m. p. 125°, which was made from calcium butyrate 
for comparison. Light petroleum exhibits the same phenomena. 

In the case of heptane, it is assumed that the main reactions may 
be represented thus: C 7 Hjg + NOCl ~ HCl + CjH^’NO 
C^Hj^ON — > C 7 H 54 :N* 0 H (oil), and this + HgO = C 7 HHO + 

nh/oh. 

Ethylene. William Mahsoff and Gustav Egloff (/. Physical 
Chem., 1919, 23, 65— 138).— A r^ume of the present state of 
knowledge of the physical and chemical properties of ethylene, and 
of the processes of its formation and decomposition. A very full 
bibliography is given. 

The Action of Monosodioacetylene on some Halogen 
Esters of Secondary and Tertiary Alcohols. Picon {Compt 
rencl, 1919, 168, 825— 828).— The primary alkyl haloids react 
with monosodioacetylene in liquid ammonia to give homologues of 
acetylene (compare A., 1913, i, 438; 1914, i, 647). The secondary 
and tertiary alkyl haloids under similar conditions do not., how- 
ever, give acetylenic hydrocarbons, but ethylenic hydrocarbons, a 
molecule of the hydrogen haloid being eliminated ; thus ; 

CHMe.! -h CNaiCH = CHs-CHICH^ + Nal -h C 2 H 2 


Action of Monosodioacetylene on some Iodides of Primary 
Alcohols with Branched Chains. Picon {Compt. rend., 1919, 
168, 894—896. Compare preceding abstract).— isoButyl iodide 
when acted on by monosodioacetylene in liquid ammonia in an 
autoclave at the ordinary temperature is decomposed, giving 
25 obutylene. Commercial i-soamyl iodide, which is a mixture ol 
the inactive and active forms, under similar conditions yields 
i-soheptinene and i 8 -methyl-A“-butene, together with a condensation 
product. The i^oheptinene and the condensation product come 
entirely from the Lwoamyl iodide, whilst the i^oamylene comes 

from the active isomer ide. , , . 

Alkyl iodides of the type yield true acetylenic 

hydrocarbons when decomposed by monosodioa^etylen^ wUereas 
from iodides of the types R-CHR^-CHoI or R-CHa’CHR 
ethylenic hydrocarbon is always formed. This formation ot 
ethylenic hydrocarbon is shown not to be due to the , 

traces of water or to any action of the liquid ammonia on 
alkyl iodide. 
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Aciioti of Magnesium Phenyl Bromide on Polyhalogenated 
perivatives of Bthane. Jb'fiED. Swarts (Hull. Soc, chim., 1919, 
rivj, 26; 145 — 174). — In an endeayour to prepare difluorobromo- 
jjt.)iylbenzeiie by the action of magnesium phenyl bromide on 
aa-difiuoro-ajS-dibromoethane, the autnor could only obtain dihuoro- 
jtjjyleno. H® then studied this reaction with a number of other 
polyhalogenated derivatives of ethane, using, in every case, one 
[flolecule of the organomagnesium compound and one molecule of 
the substituted ethane. The reaction was, in every case, complex 
and gave rise to several different compounds. In the case of the 
bronio-derivatives of ethane, the principal reaction consisted in 
the elimination of two halogen atoms and the formation of an 
ethylene derivative and bromobenzeue. When the halogeiiated 
ethane had an atom of fluorine and an atom of bromine attached 
to the same carbon atom, it was always the atom of bromine which 
^vas eliminated. In the case of a compound of the type 
CHpI'CHP^j where an atom of fluorine and an atom of iodine were 
eliniinated, the principal reaction always proceeded according to 
the equation CHal-CHFg + MgPhBr = CH^ICHF + Phi + MgBrP. 
The chloro- derivatives behaved differently from the fluoro-, bromo-, 
or iodo-derivatives of ethane in that, instead of two halogen atoms 
being eliminated, a molecule of hydrogen haloid was eliminated, 
Thus tetrachlojoethane yielded trichloroethylene and jSjS-difluoro- 
oa-dichloroethane yielded fluorodichloroethylene. 

Ill several of the reactions where inagnesiuni fluoride was formed, 
this salt was obtained in the fom of a colloidal solution in water, 
the salt not being immediately precipitated by the addition of 
add, and in certain cases the magnesium fluoride remained dis- 
solved in ether, 

In addition to the above general reaction, a number of secondary 
actions occurred, of which the most constant was the formation of 
diphenyl. The formation of this compound is most marked where 
the general reaction is slow, and less noticeable when the reaction 
is violent. W. G. 

Action of Alkaline Reducing Agents on Iodoform. A. 

Gutmanjt (5er., 1919, 52, [.ff], 212 — 215). — When iodoform is 
added to a solution of arsenious oxide in about 27% sodium hydr- 
oxide, reaction takes place almost quantitatively, according to the 
equation CHI 3 + NagAsOg + NaOH = CHgIn + Nal -f- NagAsO^. Iodo- 
form also oxidises sodium antimonite and stannite, and an alcoholic 
solution liberates sulphur from fresh sodium sulphide. When 
warmed with a mixture of sodium sulphide and cyanide, it pro- 
duces a thiocyanate, but it will not oxidise a, sulphite. J. C. W. 

Preparation of Tetranitromethane. Kennedy Joseph 
P sEViii Orton (Brit. Pat., 125000). — Acetylene is passed into 
'uthc acid of 90 — 97 '5% strength, preferably at a temperature of 
about 40°; absorption occurs more readily in the presence of 
Mercury or a mercury salt, whereby also the yield is improved 

771 2 
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when the operation ia performed at 40°, but not at lower tempera- 
tures Ihe^ product is now mixed with sulphuric or fummg 
Llphurio acid under conditions excluding rise in temperature, and 
the mixture is gradually heated until the tetranitromethane distils 
trXly heated in a reLx apparatus until gas ceases to be evolved ^ 
and then distilled. Apparently, the chief product of the action 
of acetylene on nitric acid is an intermediate compound, which is 
Iverted into tetranitromethane when 
sulphuric acid, [See also J. Soc. Chem. ., . 

Constitution of Tetranitromethane. Erich Schmidt (jBcr., 
1919 52 Si 400-413).-From the results o a quantitative 
tudv of ’ the behaviour of tetranitromethane towards aqueous 

r:\^TayttSrl^ 

first equation to that according to the second varies from . wi 

cKi + KIO,+ 3HsO (Hantz;ch, A. 190^ i, 617). The dual nature 
that the compound exists in the tautomeric forms 

eonce“d alkalis, whilst the sec<»d isomende reacts according 
""iTthfqufntitative study of the reaction, the ^1“ 

‘Tt-r sTatd bKf 

,,ing tmSetd, the clear s'oluticn was 

reaction with the ^ estimated as nitrogen by 

neutralised in the cold and t carbonate. Some reactions 

means of ammonium chloride. ( ) ^ 'bariinn 

were performed with OTd^barium by^x de andj^ba^^^ 

carbonate produced was converted in I Q'W-alWi 

(4) The nitrate. The product of the react concentrated 

was mixed with palladinised barium ^P^^ solution 
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filtered solution was then evaporated, dropped on hydrazine 
gijilphate to decompose the nitrite, diluted, filtered again, acidified 
^itb sulphuric acid, and precipitated' with nitron acetate. (The 
preparation of palladinised barium sulphate is described.) 
^5) The nitroform. The nitrite was decomposed by boiling with 
ynmonium chloride, and then the solution was transferred to a 
flask with a ground-in still-head, acidified with phosphoric acid, 
and boiled until the nitroform had passed over, this being trapped 
in OTA"-potassium hydroxide. The solution was acidified with 
acetic acid and precipitated with nitron acetate. 

Tetranitromethane also decomposes into a nitrite when treated 
dilute hydrochloric acid, for dimethyl-m-toluidine can he 
converted into its ;7-nitroso- compound by such a mixture. 

The following salts of nitroform have been prepared : the stable 
nitron salt, C 2 oH^cN 4 ,CH(NO^')^, decomp. 136 — 141°; di-hohntpl- 
(imwe salt, decomp. 121—123°; piperidine salt, notched leaflets, 
decomp. 100°; dihenzylamine salt, needles, decomp. 160 — 163°. 

J. C. W. 

preparation of Optically Active Propylene Glycol. Ad. 

GrUN {Ber.y 1919, 52, [2?], 260 -263).— Abderhalden has recently 
isolated the active forms of propylene glycol (this vol., i, 2), but 
Griin had already studied the subject with the partial success now 
described. 

Propylene glycol is left with concentrated sulphuric acid at the 
ordinary temperature, and the inactive d {hydrogen dmdphate, 
C;,Hf,( 0 *S 03 H) 2 , is isolated as the harium salt, 3HoO, which is con- 
verted into the potamvvi salt, leaflets, 0-.5EtOH, sodium salt, 
needles, and strychnine salt. Two modifications of the last salt 
are obtained: pearly tablets, [a]^ -20*38°, of which 0*9 gram dis- 
salvcs in 100 c.c. of water, and rosettes of long, slender needles, 
[a]® -28*19°, with the solubility 11*82. By treatment with 
0’2.T-barium hydroxide, the tablets have been converted into the 
hmvm- salt of di-propylene diihifdrngen disnlphate, [a]o -flT50°, 
but further progress in the isolation of rZ-propylene glycol could 
not be made, owing to the great stability of the free acid ester. 

J. C. W. 

Some Derivatives of Trimethylene Glycol. Erich Schmidt 
andKuDOLF Wti.kendoiif {Ber,, 1919. 52, [2?], 389 — 399). — Henry 
fouud in 1895 that " nitroisobutylglycerol,” KO,'C(CH«-OH)j 5 , 
could be obtained readily by the condensation of nitrom ethane 
i*'ith formaldehyde under the influence of alkali hydroxides, but 
all his attempts at controlling the reaction so as to give nitrotri- 
niethvlene glycol *were unsuccessful. The present authors have 
jbo found that partial condensation is hopeless, but have succeeded 
rc making the glycol bv the action of sodium methoxide solution 
on the glycerol, one molecule of formaldehyde being eliminated. 

hitrowobutylglvcerol [nitrotrihydroxymethylmethane] is pro- 
nnced in 79% yield by warming a solution of nitTomethane and. 
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paraformaldehyde m dry ethyl acetate with a few drops of 33% 
potassium hydroxide. This is an improvement on Henry’s method 
(A., 1896, i, 4). The trihenzoate, N02-C(CH2-0Bz)3, obtained by 
the action of benzoyl chloride and quinoline, crystallises in needles 
m. p. 111°, The trihydric alcohol may also be prepared in methyl 
alcoholic solution, and if such a solution is chilled and slowly 
mixed with sodium methoxide solution, sodiomtrotrimetkylenf. 
glycol, N0.2*CNa(CH2'0H)p, separates in small prisms with 2MeOH 
which crystallise with 2 H 2 O from aqueous alcohol, the yield being 
91%. The salt decomposes vigorously at 130 — 136°, and gives the 
red colour with ferric chloride and the blue with ethereal hydrogen 
chloride, characteristic of the salts of nitro-paraffins. The salt is 
converted into free nkrotn'mtthyhne glycol by boiling with 
ethereal salicylic acid. The compound crystallises from a mixture 
of ethvl acetate and chloroform in groups of feathery needles, m. p. 
56 — 58°, is soluble in oxygenated solvents, does not give a colour 
with ferric chloride, is neutral to litmus, reduces ammoniacal silver 
oxide, decomposes when treated with benzoyl chloride and quino- 
line, and condenses with formaldehyde to give the above nitro/,'!o- 
butvlglyccrol. 

If tbe sodium salt is treated witb ethereal bromine, it gives a 
97% yield of hromonitrotrimcihvleiir glycol, wbicb crystallises hi 
groups of stout nrisras, m. n. 120 -122°, and forms a dihemzoaU, 
NO.^*CiBr(CH./OBzy,. in highly refractive prisms, m. p. 104°. 

The nitro-comnound is reduced by means of hydrogen, catalysed 
by palladinised barium sulphate, in oxalic acid solution. Amino- 
frmef Jiylene glycol is a strongly alkaline syrup with a bitter taste, 
and forms a snow-'wbite oralnfe. decomp. 202°, When benzoylated 
bv the Schotien-Banmann method, it yields the deriv-. 

ative, which crystallises in delicate needles, m. p. 131°, with a 
bitter taste, whereas in ihe nresence of quinoline the trihenzovl 
derivative, NHBz/CHfniT./OBzb, is formed. This crystallises in 
needles, m. p. 136°, which no longer taste bitter. J. C. W. 

Dichloroethyl Sulphide (Mustard Gas). III. Solubility 
and Hydrolysis of Dichloroethyl Sulphide with a New 
Method for 'Estimating Small Amounts of the Same. 

B. F. Hopkins (J. Pharm. Exyt . Tier., 1919, 12, 393—403).- 
The solubility of dichloroethyl sulphide in water has been deter- 
mined, and at 10° has been found to be approximately 0’07%. 
The velocity of hvdrolvsis of dichloroethyl sulphide has been 
measured at 0'6°. 10°, 20°, 30°, and 37-5°; the data are graphic- 
allv represented in a series of curves. The hvdrolvsis is found to 
follow the emuation for a unimolecular reaction. 

Dichloroethvl sulphide in admixture with air may he rapidly 
estimated by bubbling the gas through a series of two tubes con- 
taining water at 35°; the gas is rapidly absorbed and hydrolvsed, 
and the hvdrogen-ion concentration of the solution is then 
measured, methyl-red being used as indicator. It is necessary that 
all the glassware used should be insoluble in water. H, 
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Mercury Mercaptide Nitrites and their Reaction with the 
Iodides . VI . Chain Compounds of Sulphur {continued). 
giR pRAFULLA Chandra Ray (T., 1919, 114 , 548 — 552). 

preparation and Hydrolysis of Esters Derived from the 
Substituted Aliphatic Alcohols. George R. Bancroft (J. Amer, 
Chem. Soc., 1919, 41 , 424 — 431. Compare A., 1918, i, 2). — A 
study of the rate of hydrolysis by O lA-hydrochloric acid of the 
acetates of ^-chloroJ5opropyl, jSjS'-dichloro^.sopropyl, jSy-dichloro- 
and j3y-dibromo-propyl alcohols. As in the case oi /3-substituted 
ethyl acetates, it is found that the presence of a halogen atom in 
the jS-position retards hydrolysis, the inJluence being still more pro- 
nounced in the case of /8y-disubstituted esters, but most striking in 
the case of esters with two halogens in the JS- and /3^-positions. 

The esters were obtained as follows : jSjS'-dichloroi^opropyl 
acetate, b. p. 201 — 203°, by the action of acetyl chloride on 
i9^^-dichlorohydrin ; j3y-dichloropropyl acetate, b. p. 197 — 198°, in 
a similar manner, the alcohol being formed by chlorinating allyl 
alcohol; jS-chlorotsopropyl acetate, b. p. 149 — 150°, in the same 
way. the alcohol being obtained by adding concentrated sulphuric 
acid to allyl chloride at 0°, and then, after keeping a day, diluting 
with water and boiling, thus: CH^ICH-CH^CUH^SO^ —> 
CHjCl;CHMe-S03-0H OH-CHMe-CH,Cl + H2SO4 ; the alcohol 
isolated by distilling the solution (up to 130°), neutralising the 
distillate with potassium carbonate, saturating with salt, and 
extracting with ether. 

Ill the preparation of allyl chloride by the action of phosphorus 
trichloride on allyl alcohol, advantage may be taken of the insolu- 
bility of the chloride in water to separate it from the phosphorous 
acid. J. C. W. 

Preparation of isoButyl Oleaie. Ernst Preiswerk (Brit. Pat,, 
123685 ). — isoButyl ohate, prepared by condensing oleic acid or its 
chloride with isobutyl alcohol by the usual methods, has b. p. 
190°/ 4 mm. and 0*86. It is insoluble in water and possesses 
healing properties in cases of tuberculosis. 

Hydrolysis of GlycoUide and Lactide in Acid Solution. 

IIjALMAR Johansson and Hugo Sebelius ( Ber ., 1919, 52, [i?], 
/45— 752). — GlycoUide and lactide are hydrolysed by water to 
glycoliic and lactic acids with intermediate formation of glycollo- 

glycollic and lacto-lactic acids respectively; "t 

H.O = C02H‘CHo‘0-CO-CHo*OH ; C02H-CH2*0-C0-CH2*0H -p 
noO=::20H*CH2*002H. The authors have particularly investi- 
gated the first phase of the reaction, since the second is known to 
proceed normally. It occurs too rapidly in alkaline solution to 
peniiit accurate measurement. In moderately acid solution, the 
change takes the form of two independent, simultaneous reactions, 
one of which is catalysed by hydrogen ions. 
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It therefore appears that hydrolytic fission of ^-lactones is cata- 
lysed slightly or not at all by hydrogen ions, that of y-lactones is 
catalysed, whilst the opening of the gix-memhered ring of glycollide 
or lactide proceeds either with or without catalytic assistance of 
hydrogen ions. 

The experiments were carried out by adding solutions of 
glycollide or lactide in anhydrous acetone to water or dilute acid 
at 19’8±0-1°; at suitable intervals, aliquot portions of the solution 
were added to a solution of potassium iodide and potassium iodate, 
and the liberated iodine was estimated by titration with sodium 
thiosulphate after allowing sufficient interval for the complete 
liberation of iodine. The results are probably slightly low, the 
error, however, not exceeding 1%. The presence of^ acetone does 
not affect the titration, whilst the secondary hydrolysis of the ester 
acid occurs so slowly that it need not be taken into account 


The Basic Properties of Oxygen in Organic Acids and 
Phenols ; and the Quadrivalency of Oxygen. Joseph Ksox 
and Mahion Brock Richards (T., 1919, 114, 508 531). 


Pasteur's Principle of the Relation between Molecular 
and Physical Asymmetry. VIII. On the Spontaneous 
Fission of Racemic Potassium-Cobalti oxalate into its 
OnticaUv Active Antipodes . F. M. Jaeger and William Thomas 
(Proc. K. Akad. WeAensch. Amsterdam^ 1919, 21, 693—706).— 
When an aqueous solution of inactive potassium cobalti-oxalate is 
allowed to crystallise at temperatures near 0 °, the racemic pit 
separates in the form of dark green, almost ‘black tnidmic 
pinacoidal crystals of the composition K 3 {Cr(CjO,) 3 )iill,U, 
pij J .377 These crystals are not isomorphous with those ot the 
corresponding triclinic chromium, rhodium, and iridium salts, the 
water content being different (A., 1918, i,_ 3). When however, 
the inactive solution is allowed to crystallise near 18 , separate 
crystals of the d- and /-compounds are deposited. These have 
trigonal trapezohedral symmetry, and are isomorphous with the 
corresponding optically active rhodium and indium salts. 
a-c = l-0'8968 a 100°27', D'/' 1-8893. Only on rare occasions 
could the d- and /-crystals he distinguished by the presence of 
hemihedral faces, in spite of their enormous optical activity. fUs 
is the first fully substantiated example of the spontaneous fission 
inte its components of such a racemic complex metallic ee™Pound. 
The transition temperature of the racemic compound its com- 
ponents, determined by the solubility method, was found at 13 1 _ 
^ The dark green solution of the active salt shorn ^ 
absorpttn bSd between 6510 and 6520 AV. Tbe orm of h 
rotatory dispersion curve is noteworthy. 

increases rapidly with increasing wave-length but J 

of the absorption band falls steeply, assuming the °PPOS.>te ^gebra^ 
sign at about 6260 A.V., and reaching a maximum m the other 
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Jirecfcion at about 6400 A.U. The curve is similar in type to that 
of potassium chromium oxalate, the latter, however, showing a 
much greater absolute rotation on either side of the zero line. The 
positions of the maxima and minima are also different in the two 
salts, corresponding with the different positions of the absorption 
bands. For certain wave-lengths, the two c^-forms for /-forms) 
actually have opposite rotaUons. The influence of the specific 
nature of the central metallic atom is shown in the fact that the 
potassium rhodium- and iridium -oxalates have normal rotatory 
dispersion curves. E. H. R. ‘ 

The Supposed Diastatic Properties of Formaldehyde. 

Hermann Sallinger {Btr,, 1919, 52, [B\ 651— 656).— A further 
contribution to the controversy on this subject (compare Woker 
A., 1917, i, 61, 447; Kaufmann, A., 1917, i, 251). The author 
considers that the only valid evidence of the enzymatic indiflerence 
of formaldehyde towards starch is obtained by observation of tbe 
specific rotation and absence of reducing power towards Fehling’s 
solution which can be ascribed to the action of formaldehyde on 
starch. With regard to the first point, a solution of amylodextrin 
(Lintner) is found to retain its optical activity unchanged after 
digestion with formaldehyde during forty-four hours at 37° thus 
confirming Kaufmann's previous observation. With regard to the 
second point, a solution of soluble starch (Wolff, Eernbach), after 
treatment with formaldehyde and removal of the latter as com- 
))!etely as possible, only showed slight reducing power towards 
Feeling's solution, which depended on traces of residual form- 
aldehyde. Further, in a comparative series of experiments in which 
formaldehyde solutions of differing concentration were mixed on the 
one hand with starch solution and on the other with water, and 
subsequently treated with Fehling s solution, a greater reduction 
was not found in any instance in the solutions containing starch 
tbau in those from which it was absent. The author therefore 
considers formaldehyde to he enzymatically indifferent to starch 

H. W. 

’t'he Relations between the Chemical Structures of 
Carbonyl Derivatives and their Reactivities toward Salts of 
Semicarb azide. Ahthur Michael (/. Amer, Chcm. Soc.^ 1919, 
41, 393— 424).— The velocities of the reactions of aldehydes and 
ketones with various reagents have been investigated quantitatively, 
cbiefly by Petrenko-Kritschenko, and the results discussed in their 

theoretical aspects (see Stewart, “ Stereochemistry,” 474 501). 

Tne velocity factor in such reactions depends mainly on the magni- 
tiide of the free chemical energy of the carbonyl group and on its 
affinity relationships to the component parts of the reagent. From 
a determination of the reaction velocities of different ketones 
w^ards the same agent, conclusions may be drawn as to the in- 
auence of structure on the free energy of the carbonyl group, but 
this is not necessarily the same as discussing the reactivity of the 
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ketone. Reactivity is frequently confused with instability, but the 
latter term should be restricted to the behaviour of a compound 
towards physical forces, and the former used only in reference to 
the behaviour of a certain atom or group of atoms in a given 
chemical system. The reactivity of a ketone, for example, is the 
sum. total of the changes in the free and bound chemical energy 
in all the atoms, manifesting itself at the carbonyl group becaiiHe 
the hindrance to chemical change is best overcome at this point. 

The present investigation has for its chief aim the arrangement 
of groups of carbonyl derivatives according to the relative reactivi- 
ties of the members towards certain reagents. For such a pur- 
pose, semicarb azide is the most suitable agent, since its salts are 
only slightly hydrolysed in solution and most semicarbazones are 
only sparingly soluble in water. As a preliminary to the form- 
ation of a semicarbazone from a salt of semicarbazide, a carbonyl 
derivative must liberate the base, that is, it must exert as much 
energy as was dissipated in the neutralisation of the base by the 
acid. Since semicarbazide is a strong base, this energy will stand 
in direct relation to the affinity constant of the acid. The 
reactivity of a carbonyl compound can therefore be gauged by 
finding at what limit it ceases to react with a series of semicarbazide 
salts. Some carbonyl derivatives react with salts of semicarbazide 
and the strongest mineral acids. In such cases, the limit is ascer- 
tained by adding some of the free acid and finding how much is 
necessary to prevent reaction, or, in other words, to make the 
reverse hydrolysis of the semicarbazone to proceed with equal 
velocity. A similar method is employed in the case of two carbonyl 
derivatives which both react with the semicarbazide salt of one 
acid, but not with the salt of the next stronger acid; the more 
reactive compound is the one which forms a semicarbazone in the 
presence of the greater amount of the free acid. 

Semicarbazide, m. p. 95^, and the following salts were employed 
in the experiments: hydrochloride, m. p. 175^; hydrogen sulphate, 
m, p. 145° (decomp.); sulphate, m. p. 143°; formate, m. p. 126°; 
henzenesulphonate, plates, m. p. 187° (decomp.); acetate, m. p. 
7o°; chloroacetate, m. p. Ill — 112°; dichloroacetate, m. p. 108°; 
trichloroacetate. m, p. 154° (decomp.); oxalate, m. p. 133° 
(decomp.); maleatc, m. p. 100°; hydrofluoride; salicylate, m. p. 
153°; o-nitrobenzoate, m. p. 96°. 

These salts and mixtures of them with the free acids fall into 
the following order when the difficulty of a ketone to liberate and 
react with the base is considered: (1) free base; (2) acetate. 
(3) formate; (4) chloroacetate; (5) oxalate; (6) dichloroacetate; 
(7) dichloroacetate -f O' 5d7-acid ; (8) trichloroacetate; (9) hydro- 
chloride; (10) hydrochloride 4 - 0*2 A-H Cl ; (12) hydrochloride 4 

0’5A-HC1; (13) hydrochloride -f 0*6A-HC1 ; (15) hydrochloride 4 - 
I'OA-HCl. This order, therefore, may be regarded as the scale of 
reactivity. 

In the first aeries of experiments, the reactions between aliphatic 
ketones and these agents in aqueous solution are described. For 
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the purpose, 0'5 mg.-mol. of the ketone was shaken with 0*8 c.c. 

a solution containing 0*56 mg. -mol. of the salt, and any pre- 
cipitates were purified and examined. No experiment was con- 
?idered negative under 200 hours. The origins of the ketones are 
iuiTUuarised, and the results are described in detail, discussed at 
’ome length, and reproduced by curves, particular attention being 
paid to the influence of branched chains. The least reactive 
letoiie is propyl isopropyl ketone (1 on the scale), and the most 
reactive are methyl hexyl (12) and methyl octyl ketones (15). 
Diniethyl, diethyl, and dipropyl ketones come about 6 on the scale. 

Ill a second series of experiments, alcoholic media vrere employed, 
fj-j mg.-mol. of the ketone in 0-85 c.c. of alcohol of D 0’9270, or 
()'9(l97 for the highest members, was shaken with 0‘5 mg.-mol. of 
the reagent in the same volume of the same alcohol, and then at 
different intervals up to five mouths a few drops of the solution 
were evaporated and tested for a semicarbazone. Under such 
conditions, practically all the ketones only react with the free 
base; only the higher members, such as methyl hexyl ketone (10), 
show any great reactivity. The insolubility of the semicarbazone 
is obviously of considerable importance, bub even in these cases 
in which the mixture remains homogeneous there is no connexion 
between reactivity and reaction velocity. Methyl hexyl ketone, 
for example, has the largest reactivity with seniicarb azide in 
alcohol, but the velocity of its reaction with phenylhydrazine is 
only about half, and its velocity with potassium hydrogen sulphite 
about one-quarter, of the acetone velocities. 

Acetophenone takes the ninth place on the scale and propio- 
plienone about the fourth. 

With the aldehydes, the outstanding feature is the great 
reactivity of formaldehyde and the aromatic aldehydes. These all 
react with semicarb azide hydrochloride even in the presence of 
ItlJ-Iiydrochloric acid. The changes from H-CHO to Me *0110 
and CrHj'CHO to CgH-'COMe are accompanied by great falls in 
reactivity. 

Several ketonic esters have also been investigated. Ethyl aceto- 
acetate is much more reactive than the alkyl acetoacetates, 
COMe-CnR'COgEt and COMe-CR.-CO.Et, and more reactive 
tkn ethyl benzoylacetate. 

The following appear to be new: methjil octyl ketone, seml- 
carhazone, m. p. 119°; ethyl methylacetoacetate se?nicarbazo?}e, 
pale blue crystals, m. p. 183 — 187° (decomp.); ethyl ethylaceto- 
mtaie !icmlcarlmznne, m. p. 154° (decomp.); ethyl dimetkyh 
(tceioacetafe aemicarhaioife, m. p. 183-187^ (decomp.); ethyl aJlyl- 
i^cttm,cetate semicarhai07ie, rn. p. 125°; ethyl d\<icetyhnaloimte 
^^■^knrhazone, Ci 3 H.>, 0 ,jN(i ; ethyl oraloacefafe ^emicarhatone , m. p. 
iS2'^; ethyl henzoyheetate Hmk'orhazone,, m. p. 125° (decomp.). 

Some practical applications of the above classification of the 
Ifetones may he mentioned. In the first place, a scheme for the 
separation of a mixture of ketones could be designed, based on the 
treatment of the mixture with solutions of semicarb azide salts in 

w* 2 
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decreasing order of tte strengths of the acids. Secondly, strong 
acids may be classified according to their reactivities in concen- 
trated solutions by finding what e'scessi 'of acid is necessary to 
inhibit the formation of the semicarbazoiie of a suitable ketone. 

J. C. W. 

Mutarotation^of Dextrose and Leevulose. J. M. Nelson and 
Frank M. Beegle (/. Amer, Chtm. Soc., 1919, 41, 559— 575)._, 
The specific rotation of a-^^-glucose, j6-</-glucose, and iS-c^-fructose 
has been determined at O' 15°, 15°, 25°, and 37°, The values found 
are: a-^-glucose, +lU'2°j jS-tZ-glucose, +17-5°; and ^-(/-fructose 
— 130'8°. These values are constant for all the temperatures in- 
vestigated. The relation between the rate of mutarotation of the 
three sugars and varying' concentrations of hydrogen ion has been 
determined. It is shown that the equilibrium rotation of dextrose 
is not affected by temperature, whilst that of leevulose varies with 
the temperature of the solution. The mutarotation of dextrose 
appears to be simply racemisation, whilst that of i^vulose is not. 
The mutarotation of dextrose and laevulcse in the presence of each 
other and in the presence of sucrose and invertase has been 
measured, and in each case was found to be independent of the 
other when present, except in the case of solution^ of laevulose and 
sucrose, when the rate of mutarotation and the rotation at equih 
ibrium were affected. The temperature-coefficient of the muta- 
rotation was also determined. J. F. S. 

Glycollonitrile-^f “ glucoside, C^HiiOsOCHa'CN. Emu 

I’iscHER [Ber.^ 1919, 52, [7i], 197—200. Compare A., 1911, 
i, 658). — The isolation of glycollo'}Utrih-A.-(jiucoside by the hydro- 
lysis of its tetra-acetyl derivative with methyl-alcoholic ammonia 
is now described. It is an amorphous substance, [a]];’ — 45 -97^, 
which is soluble in cold water or pyridine, but .not in most in- 
riifferent organic media, and it is very susceptible to hydrolytic 
influences. It is not so readily affected by emulsin, however, as 
mandelonitrile glu coside is, the best conditions being when the //-ion 
concentration is about 10~^'“, Hydrogen cyanide is formed during 
the hydrolysis. Proof of the purity and identity of the compound 
lies chiefly in its re-acetylation to tetra-acetylglucosidoglycollo- 
nitrile. J. C. W. 

Syntheses of Linamarin [and Glycollonitrile Celloside. 

Emil Fischer and Gerda Anger [Ber., 1919, 52, [B], 854—868). 
— The synthesis of linamarin, effected on lines similar to those 
followed by Fischer and Bergmann (A., 1917, i, 657) iu die 
syntheses of mandelonitrile glucoside and sambunigrin, has already 
been described (A., 1918, i, 526). 

Ethyl tetm-acetylylucosido-a-hydroxyi^obutyraie is converted by 
aqueous barium hydroxide into glucosido-a^hyilToxyimhulym acic/, 
prisms, m, p. 146 — 147° (corr.), [a]p -23*06° in water. The 
physical constants of the synthetic linamarin differ slightly from 
those recorded for the natural substance, particularly in respect 
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to optical activity, but the differences are not sufficiently great to 
cause any doubt as to J^he identity of the products. Both the 
synthetic and natural glucosides are slowly hydrolysed hy emulsin, 
more rapidly by phaseolunatase from Phaseolu^ lunatus. The sub- 
stance is in all probability a 13-glucoside, since it is the result of 
j type of synthesis which in all previous instances hag led to 
^.glucosides, and since all the successive products are Isevorotatory, 
whilst, in general, the a-glucosides are dextrorotatory. 

Since amygdalin, the most important representative of the 
cyanogenetic glucosides, is a derivative of a disaccharide, the 
authors have extended the synthesis to similar sugars, and have 
prepared the compound of cellose v/ith glycollonitrile on lines 
similar to those used for linamarin. 

Ethyl kepta-acetylceUosido(/ly collate, needles, m. p. 161 163° 

(corr.), [ajll - 30’9° in acetone, is prepared from acetobromo- 
cellose, ethyl glycollate, and dry silver oxide, and is converted by 
methyl -alcoholic ammonia into celloKidofflycoUamide, prisms, m. p. 
150 — 152° (corr.), [a]i'-27'9° in water, which is hydrolysed by 
emulsin with the formation of dextrose. The amide is converted 
in the usual manner into celloddoglycollamide hepta-acetate, slender 
needles, m. p. 205—206° (corr.), [a]o —20*6° in acetone, which, 
when treated with phosphorus oxychloride, passes into cellostdo- 
(jlycoUo?iitnle kcpta-acetate,, small needles, m. p. 200 — 202° (corr.) 
after previous softening, [a] - 26-68° in acetone. The latter, on 
deacetylation, gives ceUo.ddoglycoUomirile, CN'CHo'O-CijHoiOjt;, 
which could only be obtained as an amorphous mass, frequently of 
a pale yellow colour j when heated, it softens at about 80°, and is 
slowly converted into a viscous mass, which evolves gas at about 
108° It has [oJd -28*74° in water. When reacetylated by acetic 
anhydride in pyridine solution, it gives the original hepta-acetate 
in good yield. It is hydrolysed by emulsin with comparative ease, 
giving hydrocyanic acid and dextrose. H. W. 

Alkylaminochromi-compounds. III. Hj. Manual {Ber., 
1919, 62, [B], 330—341. Compare A., 1916, i, 202, 793).— The 
following chloropentapropylamuiochromic salts are described: The 
chloride, [CrCl(NH 2 Pi)JCU, is obtained by the action of propyl- 
amine rm chromic chloride at as low a temperature as possible, a 
dichlorotetrapropylaminochromic chloride being formed if the reac- 
iioii is not well controlled. It crystallises in red tablets from 
'ivaier, in which 1 part is soluble in 35 parts at the ordinary 
iemperature, and it gives up propylamine at GO — 70°. Other 
salts are prepared as precipitates from the red solution of the 
fhioride by double decomposition or addition of a suitable chloride. 
The bromide requires nearly twice, and the iodide nearly three 
htnes, as much water for solution. The mercurichloride, 
^xc],,4ngCio, is pale violet; the mercurihromide, XHgBr 4 , is very 
pale reddish-violet; the mercuridodide, XHgl^, is still paler; the 
platmichhf’ide, XPtClfi,H 20 . has the colour of chamois; the 
^isrnuihichloride, XaBUCljn, is a pale reddish -violet powder; and 
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the stibi chloride, XSbCls, forms very minute j indefinite crystals 
The hydrogen mlphate, X(HS04)2, crystallises in glistening, violei 
scales; the dithionate, XS^Og, forms violet, hexagonal tablets; and 
the sulphide, XS5, is a yellowish'brown powder. The nitrate 
X(N03)2,3 HoOj forms long prisms. The ferrocyanide, 

is pale red, but becomes yellowish-brown in the light, and is about 
the most insoluble salt of the series ; the ferricyanide, X3(FeCgNg)„, 
is yellow with a tinge of red, and the chromicyanide, Xg^CrC^jNg),,, 
is a reddish -violet, microcrystalline powder. The trioxalo- 
cohcdtiate, X3[Co(C204)3]2, is a bluish-green, crystalline powder, and 
the triomlochromiate, X3[Cr(C204)j2, crystallises in brownish- 
violet, glistening bundles of minute needles, The dichromate is 
soluble, but the chromate, XCrO^, is a very sparingly soluble 
yellow powder. J. C. W. 

Xanthates of Quaternary Ammonium, Sulphine, and 
Analogous Bases. Jaime Ferrer {Anal Fis. Qnm., 1918, 16, 
724 — 727). — Quaternary ammonium bases react with carbon 
disulphide in a manner similar to alkali hydroxides, giving 
xanthates- In a preliminary note, the author describes the pre- 
paration of the xanthates of quaternary ammonium, sulphine, and 
iodonium bases, giving some quantitative details of their proper- 
ties, Tetraniethyi ammonium hydroxide was dissolved in ethyl 
alcohol, and carbon disulphide added. On evaporation, the 
xonthate is obtained in yellow, hygroscopic needles, soluble in 
ether and acetone. With propyl alcohol, the corresponding 
xanlhate is obtained in plates. 

PhenyUrmethylammojiiuvi ethyl- and propyl-xanthates were 
prepared similarly, crystallising in needles. Solutions were 
obtained giving xanthate reactions by adding disulphide to alcoholic 
solutions of methyl pyridinium hydroxide and methylveratrinium 
*hydroxide. 

Trietbylsulphine hydroxide was dissolved in ethyl, propyl, and 
isohutvl " alcohols. On treatment with carbon disulphide and 
evaporation, the corresponding xanthates were obtained in yellow 
needles soluble in water, 

Biphenyliodonium hydroxide gives a xanthate crystallising in 
brilliant needles, only slightly soluble in water, alcohol, and ether. 

By similar methods, vicfliylstihonium rfhyljcanihate (colourle?? 
crystals) and ethyl mercnry cthylxanthate were prepared. 

' ^ ' W. S. M. 

Constitution of Methyloxaluric Acid. Robert Behrrnb 
{Ber., 1919, 52, [/I], 424— 42 6). —Duly one of the two possible 
methyloxaluric acids is known, hut its constitution has not been 
determined hitherto (compare Henkel, A., 1911, i, 159). Its ethyl 
ester, flat prisms, m. p. 144—146^, has now been heated with acetyl 
chloride in a sealed tube at 120—130®, and the following products 
have been isolated and fully identified: («) much Tncthvlparahainc 
acid, (h) a small quantity of the acetyl derivative of this, and 
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(c) a little acetoxam ethane. The last substance gives the clue to 
the constitution of the methyl oxaluric acid, for it may be supposed 
0 be formed according to the equation NHMe’C 0 *NH*C 0 ’C 02 Et+ 
VcCl=NHAc’C0-C02Et + CH8»N;C0 + HCl. J. C. W. 

Action of Halogenates and Hypohalogenites on Mercury 
'ulnoinate. A. Langhans (J. pr, Ohem., 1918, [iij, 98, 255—314). 
^Tbe action of halogenates and hypohalogenites on mercury 
•uhninate has been studied under various conditions; more definite 
.quantitative data are promised in a subsequent paper, but the 
results already obtained are considered to furnish further evidence 
for the oxime structure for fulminic acid. 

The action of potassium chlorate and potassium bromate solu- 
tions on mercury fulminate in the presence of hydrochloric acid 
depends greatly on the conditions of the experiment, and the 
original memoir must be consulted for details. Generally, it may 
be said that bromate acts more energetically than chlorate, and 
that for the production of the maximum amount of blue, oily 
product a definite relationship between the concentrations of hydro- 
chloric acid and bromate must be maintained, and that the quantity 
of mercury fulminate is definitely related to that of the other 
reagents. 

Mercury fulminate is decomposed by potassium hypochlorite 
solution, yielding chiefly mercuric oxide, which is only produced 
in small amount by hypobromite or hypoiodite. The action of 
potassium hypobromite yields varying products, according to ex- 
perimental conditions, a summary of which is impossible until more 
exact data have been obtained ; the most remarkable product is a 
deep blue oil, which is best obtained by the gradual addition of 
moist mercury fulminate to a solution of bromine in 10% potassium 
hydroxide, 7 — 8 c.c. of bromine being used for each 10 grams of 
potassium hydroxide; it has D 2‘6844 or 2‘6852, and is unstable 
towards light, but more stable in the dark. It consists in a^l 
probability of htbrnonitrosomethane. It decomposes when dis- 
tilled under ordinary pressure, evolving brown vapours and yield- 
ing distillates, which generally crystallise after a time. It yields 
crystalline prodncU when treated with the following reagents: 
sodium sulphite or sodium hydrogen sulphite (colourless leaflets, 
m. p. 91 — 92° funcorr.] after softening at 89°) : sodium thio- 
sulphate; potassium cyanide (m. p. 55°); ammonium persulphate 
(in. p. 68°); silver nitrate (colourless leaflets, m. p. 67°); phenyl- 
hydrazine; furfuraldehyde (m. p. above 200°); benzoyl peroxide 
(colourless needles) ; hexamethylenetetramine (yellow or white 
*:olid, m. p.’s 95° and 187° respectively, according to conditions of 
experiment) ; benzenesulphonic acid ; picric acid ; sodium xantho- 
genate; glycine (m. p. G5°). The blue compound is not formed 
when bromine acts on mercury fulminate in the presence of acetic 
anhydride, glacial acetic acid, or pyridine. 

A sensitive method for the detection of mercury fulminate in 
fuse compositions is founded on the production of the blue oil. 
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Simple Cyanic and Cyanuric Compounds. 1. Hexa« 
cyanogen [Cyanuric Cyanide]-. Erwin ott {Ber,, 1919, 52, 

656 — ^^b).—Hexacyanogen (annexed formula) is obtained by heat- 
ing a mixture of cyanuric tricarboxylamide and 
C'CN phosphoric oxide in a vacuum rapidly to 210^ — 220® 
and finally to about 250®. The yield is about 17%' 
IS N The substance forms monoclinic crystals (a:6:c=:: 
NC-C C-CN 0'9233: 1:1-0688, ^ = 90°26'), has m. p. 119“ b, p. 

262® (corr,)/771 ram., U9®/0-5 — 1 ram. It separates 
i from benzene + ICgHg. When the vapour is led over 

a strongly heated platinum wire, it is quantitatively 
depolymerised to dicyanogeii. It is very sensitive to moisture. It 
slowly dissolves in water at 0°, and two cyanogen groups are rapidly 
eliminated in the form of hydrogen cyanide, whilst the third 
cyanogen group is removed at a slightly higher temperature, 
cyanuric acid being formed. In virtue of the three conjugated 
double linkings, it seems probable that water is first added and 
hydrogen cyanide subsequently eliminated from the hydroxynitrile 
thus formed. With methyl alcohol, reaction proceeds more slowly, and 
can be arrested by suitable adjustment of experimental condition? 
at any of the three stages theoretically possible. There are thus 
obtained: (1) the rnonomethoxydinitrile^ OMe’C 3 Ng{CN) 2 , colour- 
less leaflets; m. p. 86-5®, (2) the dimethoxymononitrile, prism?, 
m. p. 21®, and (3) triinethyl cyanurate, m. p. 135®. A solution of 
hexacyanogen in carbon tetrachloride does not visibly react with 
chlorine even in the presence of iodine, but the odour of cyanuric 
chloride shows some action to occur ; it also appears to he indifferent 
to hydrogen chloride. H. W. 

Silicon Hydrides . VI. Chlorination and Methylation of 
Monosilane. Alfred Stock and Carl Somieski {Ber., 1919, 52, 
|B], 695—724. Compare A., 1916, ii, 319; 1917, ii, 110, 111, 
353, 361). — Whilst monosilane does not rerfet with hydrogen 
chloride in the absence of a catalyst at 200°, reaction occurs slowly 
in the presence of aluminium chloride at the ordinary tempera- 
ture, and with reasonable rapidity at 100®; when the gases are 
used in molar proportions, the chief product is raonochlorosilane, 
whilst with the double proportion of hydrogen chloride, dichloro- 
silane is chiefly fanned, the action in this respect differing some 
what considerably from that with hydrogen bromide. 

Chloromonosilane is a non-spontaneousiy inflammable gas, m. p. 
-118®, b. p. -30-5°, 1-145 (as liquid). It is immediately 

decomposed by water, yielding disiloxane; protracted action of 
water causes hydrolysis with evolution of hydrogen. It reacts with 
gaseous zinc methyl, yielding exclusively methylmonosdmr, 
SiHjMe, h. p. —57®, m. p. -156-5®, which is scarcely attacked bv 
water in the absence of alkali, but is slowly decomposed by alkali 
in accordance with the equation SiK 5 Me-p 2 H 20 = [Si0(0H)Me]*i 
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3H2- Further chlorination of methylsilane by means of hydrogen 
chloride and aluminium chloride ^eads to the production of mtthyl- 
chloromonosilane and methyldichloromonositane , which can be 
separated by protracted fractional distillation. The former is a 
colourless gas, m. p. 134°, b. p. ca + 7°, 0-8“ 0*935 (as liquid), 
^vhich is very sensitive to moisture ; evidence that the chlorine atom 
Is attached to silicon is afforded by converting it into dimethyl- 
silane by the action of zinc methyl, the product being identical 
with that prepared from dichlorosilane. Dichloromethylraono- 
silane was isolated in approximately pure condition. 

Dichloromonosilane is obtained as a by-product in the prepara- 
tion of the monohalogen derivative by further chlorination of 
hloromonosilane by aluminium chloride and hydrogen chloride, 
,nd by the action of hydrogen chloride (2 mols.) on monosilane 
1 mol.) ; in the latter case, the main product is the dichloro- 
[erivative mixed with a little monochloro-product and unchanged 
lydrogen chloride and very little trichloromonosilane. It has 
n. p. -122°, b. p. 8*5°, and is particularly sensitive to moisture 
ind fat. With water, it immediately yields prosiloxane, SiH2(‘0), 
ind then l-oxo-2-Qxydisiloxane, 

2SiH2Cl2 + 3H,0 = 0:SiH-0*SiH2-0H + 4HC1 + H.. 

[t is converted by thorough treatment with gaseous zinc methyl 
nto dimethylmonosilane, SiH 2 Me 2 , m. p. — 1 d 0° b. p. —20°, 
jrliich, with alkali, evolves twice its volume of hydrogen, 

SiHgMe^ + H 2 O- SiOMe.-!- m,. 

The dimethylprosiloxane is soluble in an excess of alkali, probably 
yielding SiMe. 2 (ONa) 2 ; acids precipitate an oil from this solution 
which slowly becomes partly solid, and consists of a mixture of 
SiMe^O, SiMe 2 (OH) 2 , and their condensation and polymerisation 
products. 

It is noticeable that the displacement of hydrogen by chlorine in 
silicon derivatives has much less' influence in raising the boiling 
and melting points than with derivatives of carbon. H. W. 

Nitration of ^er^.-Butylbenzene. D. Y. du Toit Malherbe 
{Ber., 1919, 52, [5], 319 — 324), — When ?e/*^.-butylbenzene is left 
with nitric acid (D 1*5), it is almost entirely converted into p-nitro- 
iett-hutylhenzenc, NO^'C^^H^'CMcs, an oil which does not crystal- 
lise in a freezing mixture, having b. p. 142 — 143°/ 17 nun., whilst 
a dinitro-derivative, pale yellow prisms, m. p. 61 — 62°, b. p, 185°/ 
15 mm., is formed at 60° (Baur, A.. 1894, i, 445). 

The constitution of the moiio-nitro -compound does not agree witli 
Senkowski’s statements (A., 1890, 1296). It has been proved as 
follows: (a) oxidation with dilute nitric acid at 130° to p-nitro- 
benzoio acid; (6) reduction to p-^er^-butylaniline, and conversion 
into its acetyl, benzoyl, and dimethyl derivatives, and into jhtert.- 
butylphenol; (c) reduction by sodium methoxide solution to 
|?-azoxy-^gW.-butylbenzene, pale yellow leaflets, m. p. 138°; 
W reduction to p-azo-^crf.-butylbenzene, orange-red needles, m. p. 
15^®, and the hydrazo-com pound by means of aqueous-alcoholic 
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potassium hydroxide and zinc dust; (e) the semidine transforma- 
tion of the hydrazo-derivative, -by means of alcoholic stannous 
chloride, into ^-amvw■iU’■dl-iext.^bwlyl<hph^lam^nt, 

CMe8-CjH3(NHo)-NH'C5H4'CMe2, . 

white leaflets m p. 100—101“. As an o-aminodiphenylamine, the 

S;., sSfi rti, b.»ii .«» . 

C H ON .7 preenish-yellow needles, in. p. 165—167 (iauber, A., 
Xm^oZi and with henzaldehyde to ^ 


CoTHgoN./slender, yellow needles, m. p. 126—127'=' [ihid^) 


C, W. 


New Compounds of Glutamic Acid. Petbe Bergell 

New 182— 188).— jS-iTap/t^/ia^ene- 

(Zeitsch. physioL Chem lyi^ .NH-CH(C02H)-[CH2VC02H, 
sidphonylglutamic aculy Cjo 7 ^ ^ IgKo (uncorr^ 

crystallises in microscopic needles from wate , • P- (. ■)• 

Tohienesulphonylgliitami^cacid^^^^ 

aH--S02-NH-CH(C02H)*[CH2j2 tU^w, 

forms of gTuta^c acid oTglycine in uriae 

Inarhe deteoted^by the isolation of their fl-naphthalenesulph™yl 
derivatives. 

r. nf Dinhenvl bv the Action of Cupric Salts on 

oJpSSiii cVid. "'““rri'iS'bS-’e'ir"" 

and Eustace Ebenezer Turner (T., 1919, 114, 559 Dbl). 

Tp.nri.^ti.n .1 “ 

srsrp susr.:?.?.’- « - 

salt 5 are boiled under refl ^ ^ 

stif;svs°’,s«r?/;H i= -.ua «• ■>. 
‘iKr 1... - b»; «.,««. » 'irisr: 

base'a but more concentrated solutions ot soaiun 
peAaps amyloxide, appear to be necessary, J- ^• 

Oxidation of o-Tolyltrimethy^ 
betaine. D. yoRL-lNnER ‘‘"‘^f^/,^"Ji^,^“Jiammonium methyl 

311 - 3 WV-The oxidation of -tolylkimc^^^^ 

,p«, u A . m ^ '• " J 
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chloride^ ^ CjoHi 402 NCl,H 20 , jagged leaflets, m. p. 170 — 176®. 
When boiled with a solution of sodium ethoxide, the base deposits 
the sodium salt of W-dimethylanthranilic acid in felted needles. 
The free acid corresponds with Willstatter’s description {ihid), and 
forms a hydriodide, m. p. 180® (decomp.), a periodide^ m. p.^163® 
(decoinp.), and a platini chloride, m. p. 198® (decomp.), 

J. C. W. 

Nitration of Benzotrichloride. Elisabeth Spreckels (Ber., 
1919, 52, [B], 315— 319).— Under the usual conditions of uitra- 
tioii, benzotrichloride yields nitrobenzoic acids, but if treated with 
a solution of nitrogen pentoxide in carbon tetrachloride at - 10 °, 
a mixture of nitrobenzotrichlorides is formed almost free from 
nitrobenzoic acids and unchanged material. About 80% of the 
mixture has b. p. 150 — 153°/18 mm. It is fairly stable towards 
water and cold dilute alkalis, much more so, in fact, than benzo- 
trichloride itself, neither does it readily change into the nitro- 
benzoic acids in contact with cold, concentrated nitric acid. It is 
not, therefore, the precursor of the nitrobenzoic acids formed under 
the usual conditions, 

The proportions of the isomerides iu the mixture have been deter- 
mined approximately by boiling with harium hydroxide and 
separating the barium salts of the nitrobenzoic acids. The main 
product is m-nitrobeiizotrichloride, with about one-fifth of its weight 
of the para-com^oMud, which is much more than benzoic acid 
yields. There is also a small quantity of the or -compound in 
the mixture. J. C. W. 

Phenylcarbamic Acid and its Homologues. F, E. C. 

Scheffer (Froc. K. Akad. ]Vete7i((ch. A?nsterdam, 1919, 21, 
664— 677).— The compound formed between aniline and carbon 
dioxide under pressure at low temperatures was examined by Ditte 
mauy years ago (A., 1888, 49), and was found to contain the con- 
stituents in equimolecular proportions. This composition has now 
been confirmed and ‘'the conditions of its existence established. 
Within the limits of temperature and pressure of the experiments, 
four phases are possible — the solid compound, two liquids, and 
vapour. The four three-phase F.-T. curves have been determined 
and the point of intersection, the quadruple point, found at 18® 
with a pressure of 52*0 atm. The critical end-point lies at 37®. 
that is, 6 ® and about 7 atm. higher than the critical point of 
rarbou dioxide. 

Similar compounds are formed between carbon dioxide and the 
three toluidines. The quadruple points of the three compounds 
are as follows: o-toluidine, —7*5°, 27*5 atm,; m-toluidine, 6*3®, 
39*2 atm.; ;;-toluidine, (1) 31*5®, 70 atm., (2) 29*7°, 44 atm. In 
the last case, there are two quadruple points ; the first has the 
compound as the solid phase, whilst the second has 77 -toluidine and 
the, compound both present as solid phases in equilibrium with one 
liTtitl and vapour. Whilst o-toluidine has the lowest quadruple 
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point, wi-toluidine has the lowest melting point, but otherwise the 
quadruple and melting points follow the same order. The critical 
end-points lie close together, and the three-phase curves 
(two liquids and vapour) are nearly coincident. 

All the compounds contain base and carbon dioxide in molecular 
proportions, and are to be regarded as carbamic acids. 

E. H, R. 

Preparation of Phenol. H. H. Bow (U.S. Pat. 1 274394),^ 
Bromobenzene is converted into phenol by heating with a dilute 
alkali hydrt)xide solution in closed vessels under a pressure of 20 
atmospheres. [See /. 8oc. Chcm. Ind.^ June.] G. F, M. 

Some Aromatic Amines and Chloroacetyl Derivatives. 

Walter A. Jacobs, Michael Heidelberoeb, and Ida P. Rolf 
(/. Amer. Chtm. Soc.^ 1919, 41, 458 — 474). — The compounds 
described in this communication are intermediate products in the 
preparation of several aromatic arsenic derivatives, which will he 
dealt with in a future series of papers. 

An improved method for preparing o- chi oro acetyl aminoplieuol 
is described (compare A., 1915, i, 668). Its acetate^ 
CHoChCO-NH’CgHj'OAc, 

obtained by the action of acetic anhydride and a drop of sulphuric 
acid, has m. p. 113-5 — 114'5°. 

^-Chloroacet^jlarninO'O-creml, rhombic plates, in. p. 154 — 155° 
and the more soluble ^-cJilor oo cetyl amino-'^-cresoly silky needles, 
m. p. 151— 152 '5°, are prepared from the aminocresols by the new 
way (A., 1917, i, 552). 

\-Chloroacetylamino-^'naj)lithol forms very pale yellow, nacreous 
plates, m. p. 192 — 193° (decomp.), and i-rJiloroacetylamino-a- 
naphthol crystallises in long, faintly purple, silky needles, m. p. 
199*5— 201-5° 

4 : ^-Blchloro-^-^cetyJammoplicnol is obtained in silky needles, 
m. p. 233 — 236°, by chlorinating w~acetylaminophenol in acetic 
acid solution, and is hydrolysed by boiling \fith hydrochloric acid 
to i-.G-dichlnro-Z-aminophenol, large, striated prisms, m. p. 
135 — 136°^, which is converted into i : &-dichloro-d-chloroaceti/t 
ajninophenol, slender, interlaced needles, m, p. 185*5 — 186*5°. 
The 4 : 6-dichloro-3-acety]aTninopIienol is also methylated by means 
of methyl sulphate, and the 4 : &-dichlor(yZ-acetanmdide, tufts of 
delicate needles, m. p. 157‘5 — 159°, is hydrolysed to ii^’dichloro- 
^-anisidine, which crystallises in creamy, rhombic prisms, m. p. 
50*5 — 5T5° (corr.). The constitution of the compounds of this 
series is revealed by converting the latter base, by the diazo-reac 
tion and application of methyl sulphate, into 4:6-dichloro-l:3' 
diraethoxybenzenc (Auwers and Pohl, A., 1914, i, 981), 

If the chlorination of m-acetyl ami nophenol is carried out with' 
out the precaution of shaking the acetic acid mixture, a good deal 
of 2 ‘A:B~(nchloro-o-acef,ylamino 7 )henol is formed. This separates 
when the dilute acetic acid mother liquors from the dichloro-cojn- 
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pound ar© further diluted, and it crystallises in rhombic plates 
^ith 0*5HgO, or anhydrous needles, m, p. 185 — 186*5°. 

6-Broino-3-acetylaminophenol is prepared by direct bromination 
and hydrolysed to G-bromo-S-aminophenol (compare Heller, A., 
1909, i, 568). ^-Bromo-Z-chloroacetylaminophtnol crystallises in 
rhombs, m. p. 191 — 193°. 

w-Acetylaminophenol is also boiled with chloroacetic acid and 
concentrated sodium hydroxide, and thus converted into m- acetyl- 
aiiiinophenoxyacetic acid, NHAc*CqH 4 * 0 *CH 2 ’COoH, which crystal- 
lises from water in slender needles with IH 2 O, or from acetic acid 
in spherules, m. p. 170*5— 172 ’5° This is hydrolysed to w-amino- 
phenoxy acetic acid (A., 1917, i, 695), and then converted into 
m-chloroacetylaminophenoxyacetic acid, spherules, m. p. 159 — 160° 
(clear at 162°). 

Considerable quantities of 4'aminoguaiacol were required for the 
preparation of catechol derivatives. This is obtained by coupling 
diazotised sulphahilic acid with guaiacol and reducing the crude 
dye with hydrogen sulphide in ammoniacal solution. y-Sidpho- 
lenzeneazoguaiacol crystallises from water in glistening, green 
needles and long, thin plates with IH^O, decomp, above 220°. 
4-Aminoguaiacol is hydrolysed by means of hydrobromic acid to 
the hydrohromide (flat needles or plates, decomp. 255 — 260°) of 
^minocatechol, which crystallises from a mixture of alcohol and 
benzene in grey plates and clusters of short prisms, m. p. 124 — 125° 
{decomp., purple residue). In the isolation and filtration of the 
base, air must be excluded as far as possible by a current of carbon 
dioxide. A-Ghloroacetylaminocatechol, CH 2 Cl*CO'NH'C 5 ll 3 (OH) 2 , 
forms slender needles, m. p. 156 — 157*5°. 

Tli-Ghloroacetylaminoac eta pile none crystallises as a woolly mass 
of needles from alcohol or leafy aggregates of plates from toluene, 
rn. p. 152 — 153° (corr.). 

•g-Chloroacetylaminophenylacetlc add, 

CH2C1-C0-NH-CcH4’CHo-C02H, 
forms a snowy mass of needles, m. p. 158 — 160°. 

Ethyl chlaroacetylaiithranilate, CH2Cl*C0*NH'Cj3H4’C0.2Et, 
crystallises in glistening needles, m. p, 79‘5 — 80° (corr.), and 
changes into ethyl todoacetylanthranilate, transparent prisms, 
m, p. 78-5 — 79° (corr.), when warmed with a solution of sodium 
iodide in acetone. o-Methylaminobenzoic acid yields chloroacetyl- 
^■mcthylanthranilic acid, CHoCl*CO*NMe*C^H 4 ‘C 02 H, colourless 
spears, m. p. 167 — 168° (corr.), the ethyl ester of which forms 
stout prisms, m. p. 50 — 51° (corr.). 

Sodium sulphanilate gives rise to mdiunv chloroacetyhulphanilaie^ 
CHaCl-CO'NH'CgHj-SOjiNa, which crystallises in hair-like masses 
of needles, decomposing somewhat when dried at 100°. 

3-Amino-o-phenolsulphonic acid, prepared by heating m-amino- 
phenol with concentrated sulphuric acid at 100°, yields ?>-chlofo- 
d^etylamino-o-phenohid'phomc acid, minute plates and flat needles, 
not molten at 275°, the Bodhivi salt of which crystallises as a 
voluminous mass of small needles with 0*5HoO. 
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Improvements in the preparation of chloroacetomethylamide and 
chloroacetopiperidide are described (compare A., 1915, 668). 

Ghloroaceto-n-'propylamide^ CH 2 Cl*CO*NHPr", has b. p. 105 — lOG*^/ 
10*5 nun, (corr.), and forms a hexarneihylenetetraminhm salt, in 
stout, hexagonal plates, m. p. 147 — 149°. 

Ethyl carbamide yields chloroacetylethylcarbamide, 
CH^CbCO-NH-CO-NHEt, 

in long needles, m. p. i4ro — 142'5° (corr.). J. C. W. 

Catalytic Preparation of the Aminophenols and the 
Phenylenediamines . O. W. Brown and L, L. Garrick (/. Amei\ 
Chtm, 1919, 41, 436 — 440). — Mignonac {Bull, Sq(^. cA/m,, 
1910, [iv], 7, 270) described the reduction of the nitrophenols by 
passing a mixture of their vapours and hydrogen over nickel at 
1 60 — 190°, but found that the production of the aminophenols was 
accompanied by the formation of ammonia, phenol, and aniline. 
This work is confirmed, and it is also reported that nickel is not 
so active when deposited on pumice as otherwise. 

With finely divided copper, deposited on small pieces of pumice, 
the reduction is more efficient than with nickel, there being no by- 
products. Thus 0 - or p-nitrophenol and hydrogen passed over 
copper at 210 — 315° (best, 265°) give practically quantitative 
yields of the pure white aminophenols, the more volatile product, 
of course, reacting more quickly. The o-aminophenol is obtained 
in plates when copper is used, hut when reduced nickel is employed, 
it is formed in long needles with the same m. p. (170°), especially 
at the higher ranges of temperature. 

The nitroanilines, and especially m>dinitrobenzeue, may he 
reduced in the same way to the phenylenediamines, but the process 
is too slow (owing to the slight volatility of the compounds) to be 
of much practical value, the only advantage being the high degree 
of purity of the products. J. C. \V. 

Transformation of Phenyl Allyl Ethers into the Isomeric 
AUylphenols . II. L. Claisen [Annahn, 1919, 418, 69—120. 
Compare A., 1912, i, 965; 1913, i, 1175). — I. Mono-^ Dh, and Tri- 
allylation of Phenol [with 0. Eisleb and F. KremersJ. — o-AlIyl- 
phenol, b. p. 220°/ 760 mm. or 99°/ 12 mm., 1’0255, is obtained 
(1) by heating phenyl allyl ether in an atmosphere of carbon di- 
oxide until the temperature is about 220°, heating for about six 
hours being necessary, (2) by heating 4-allyloxybenzoic acid with 
quinoline at 170°, and finally at the b. p. of the solution, (3) by 
heating 3-allylsalicylic acid with dimethylaniline slowly to the b. u- 
of the solution, (4) by boiling a mixture of methyl 3 -allylsalicylate 
and aniline for four hours, and (5) least satisfactorily from 2*aIIyl- 
oxybenzoic acid. In the first method, a small quantity of l-methyl- 
coumaran is formed, which is removed by extraction with light 
petroleum after basifying the reaction product with 20% sc^iuju 
hydroxide. Attempts to accelerate the transformation of 
allyl ether into o-allylphenol by catalysts were unsuccessful; 
had no effect, and acids only increased the amount of metny- 
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coumaran, the addition of pyridine hydrochloride, for example, 
resulting in the production of this compound in 60 % yield. 

The position of the allyl group in o-allylphenol is proved (1) by 
lieating with methyl-alcohdiic potassium hydroxide, whereby Pauly 
aud Buttiar’s o-propenylphenol is obtained, (2) by heating the 
methyl ether of the allylphenol with potassium hydroxide and 
oxidising the resulting o-propenylphenyl methyl ether, whereby 
o-methoxybenzoic acid is obtained, and (3) by coupling allylphenol 
with benzenediazonium chloride, the product being identical with 
the 4'benzeneazo-2-allyIphenol obtained by the transformation of 
4 -benz 6 neazophenyI allyl ether {loc. cit.). 
o-AUylphenol forms a phenylcarhamate, 

CsH.-CfiH^-O-CO-NHPh, 

colourless needles, m. p. 106 — 106 5^, methyl ether {o-endranole), 
b p. 207°/ 761 mm. or 86 — 87°/ 12 mm., 0*9770 (the ozonide of ' 
which is very explosive and yields o-methoxyphenyl acetaldehyde 
by treatment with glacial acetic acid and zinc dust), and acetate, 
b p. 238*5— 239°/757 mm. or 117— 118°/15 mm.; the last deriv- 
ative forms an oily dihromide, which is converted into 1-methyl- 
coumarone by boiling with met by 1-alcoholic potassium hydroxide. 

To the list of substitution products of o-allylphenol already 
described (loc. cit.) is to be added i:6-dichJoro-o-(dlylphenol, b. p. 
264°, Di 5 1*288, which is very easily obtained by heating 
^'^-dichloro-2~aUyloxi/henzoic acid, needles, m. p. 118° (decomp.); 
the methyl ester of this acid, C.Hj-O-CcH.CVCO.Me, b. p. 160°/ 
10 mm., is prepared by boiling methyl 3 : 5'dichlorosalicylate in 
methyl ethyl ketone solution with allyl bromide and potassium 
carbonate. 

fl'Propylphenol is obtained by reducing o-allylphenol by the 
Paal-Skita method, and also by reducing 3-allylsalicylic acid in a 
similar manner and heating the resulting 3-propylsalicylic acid, 
m. p. 91*5° (Spica gives 93 — 94°), with dim ethyl aniline at the b. p. 
of the solution until the evolution of carbon dioxide ceases. 
%Acetoxy-Z~propylhenzoir acid (Z-propyIn^piri?-i) crystallises in 
needles, m. p. 97 — 97*5°. 

2:6-Diallylphenol, b. p. 256 2o7°/770 mm. (slight decomp.; 

in carbon dioxide) or 130°/15 mm., has 01:^0 9920, not 0’9905. as 
stated previously (loc. cit.). It is readily obtained by heating 
o-clh/lphenyl allyl ether, b. p. 104- '105°/10 mm., D,.:; 0*9675 (pre- 
pared from o-allylphenol in acetone solution, allyl bromide, and 
potaasiura carbonate), for ten minutes in an atmosuhere of carbon 
dioxide while the temperature rises from 235° to 256°, or, better, 
with half its weight of diethylaniliiie for thirty minutes while the 
temperature increases from 225° to 237°. It forms a phenyl- 
mrhamale, needles, m. p. 141—142°. Its constitution is definitely 
proved by the production of the compound by heating 4-hydroxy- 
3 ; 5-diallylbenzoic acid (loc. cit.) with diraethylaniline at the b. p. 
tor one to one and a-half hours. By hydrogenation in alcoholic 
i'olution, 2 : B-diallylphenol yields 2 :^~diprnnyl 2 ^henol, b. p, 256°/ 
7B4m7n., m. p. 28° (phenyl corhamnie, needles, m. p. 125°). 
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4-Allylphenol and ^:i-di(dlyl'phenol are not produced* by the 
transformation of phenyl allyl ether and o-allylphenyl allyl ether 
respectively. The latter, b. p. 266^268‘>/750 mm. {phenyl 
coj-bamate, prisms, m. p. 88— is obtained indirectly by 
heating 3 : 5-diallylsalicylic acid (^oc. cit.) with dimethylaniline at 
the b. p. for thirty to forty-five minutes. Z:b-Dipropylsaticylic 
acid, needles, m. p. 100 — 100‘5°, obtained by reducing 3:5-diaily]~ 
salicylic acid in alcoholic solution by the Paal-Skita method, is 
converted by boiling with dimethylaniline into 2 : i-dipropylpkenol 
b. p. 263^/747 mm. or 130^/11 nun., D” 0‘9350 {phenylcarhamate, 
ne^les, m, p. 131°). 

2:Q~Diallylphenj/l aJfi/! ether, b. p. 132’5 — 134°/11 mm,, 
Dlfl 0‘9548, is prepared by heating an alcoholic solution of 
2 : 6- diallyl phenol with allyl bromide and potassium carbonate on 
the water-bath for ten hours. When it is heated in a current of 
carbon dioxide until the temperature rises from about 250° to 
about 290°, or, better, when it is boiled with half its weight of 
diethylaniline for fifteen minutes until the temperature rises from 
225° to 248°, it is transformed into 2 : 4 ; S-triallylphenol (foe, cti ) 
b. p. 293— 295°/760 mm. or 158— 159°/14 mm., BIJ 0-9785. 

The influence of the b. p. of an allyl ether on the rapidity of 
its transformation into the allylphenol (foe, cit.) is well illustrated 
by the production of o-allylphenol, 2 : 6-diallylphenoI, and 2:4:6* 
triallyl phenol from the respective allyl ethers. The first reaction 
requires about six hours, the second proceeds much more rapidly, 
and the third almost instantly. It is to be noted, however, that 
the quantity of resinous matter produced is greater the higher is 
the temperature of transformation. The formation of this by* 
product is greatly diminished by heating in an atmosphere of 
hydrogen or carbon dioxide, or, best of all, by boiling the ether 
with dimethyl* or diethyl- aniline. The basic nature of this solvent 
appears to be of influence, since an indifferent, non-basic solvent 
of similar b. p. effects a much less satisfactory transformation. 

cydoH exanol allyl ether, b. p. 169— 172°/ 740 mm., Djf 0'8960, 
obtained by warming a benzene solution of cycfohexanol with 
sodium for one day and then boiling with allyl bromide, cannot be 
transformed into allylcy cf ohexanol. 

II. Nitroso- and Aminoderivatives of Monmllylphend and 
Diallylphenol [with F. Kremers]. — These two phenols yield nitrosa- 
derivatives very smoothly. i-lsitro&o-2-nUylphenol i^-allyl-P'^tnzc- 
quinoneA^onme), OH‘N:C,,H 3 (C,H, 0 : 0 , leaflets, m. p. lOO-lOl'" 
(decomp.), is obtained in the form of its sodixm salt, garnet 
needles, by keeping a mixture of o-allylphenol, amyl nitrite, and 
concentrated methyl-alcoholic sodium meth oxide solution for one 
day at the ordinary temperature and one day at 0°. The sodiuni 
salt, by warming on the water-bath for ten minutes with zinc dust 
and a cold, saturated solution of ammonium carbonate, or by treat- 
ment below 30° with hydrogen sulphide, a solution of ammoniuw 
chloride containing 25% aqueous ammonia being used as solven , 
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is reduced to i-amino-^-allylphenolj leaflets, m, p. 113‘5 — 114°, the 
^-acetyl derivative of which forms leaflets, m. p. 93°. 

j^.^itro80-2 : Q-diallylphenol (2 : ^-dicdlyl-p-hemoquinone-ii-oxime) f 
leaflets, m. p. 142 — 143°,* obtained in a similar manner from 
2 : 6'diallylphenol (a sodium salt is not precipitated in this case), 
yields i-amino-2 -.^-dicdlylphenol, flattened prisms, m, p, 78'5°, by 
reduction with ammonium sulphide and concentrated aqueous 
ammonia. 

III. The Allyl Ether Transformation of Aminophenols [with F. 
Keemers]. — A cetyl aminophenol (used in preference to p-amino- 
phenol to avoid allyl ati on at the nitrogen atom) is boiled with 
acetone, allyl bromide, and potassium carbonate, and the resulting 
Yactiylaminophenyl allyl ether, leaflets, m. p. 93°, is boiled with 
dimethylaniline for six hours in a slow current of hydrogen, 
whereby the 4-a cetyl amino- o- allyl phenol, m. p. 93°, described 
above is obtained; its ethyl ether, NnAc'CgH 3 (C 3 H 5 )‘OEb, colour- 
less leaflets, m. p. 121*5°, shows a very slight antipyretic action in 
comparison with phenacetin. By treatment with fuming hydro- 
bromic acid, 4-acetylamino-o-allylphenol is converted into ^-acetyl- 

(iminoA-mcthylcoumaran, NHAc‘CcH 3 <C^jj ]!>CHMe, colourless 

needles, m. p. 127—127*5°. By boiling for one hour with 10% 
hvdrochloric acid or 25% sulphuric acid, p- acetyl aminopheny I allyl 
ether is converted into the hydrochloride, leaflets, m. p. 212°, or 
the sulphate of p-aroinophenyl allyl ether, both of which are very 
sparingly soluble in water. ;^Aminophenyl allyl ether is con- 
verted into 4-amino-o-allylphenol (above) by heating with petroleum 
(b, p. 185°) for six hours in a current of hydrogen, and the latt-er 
into i-amino-o-propenylphenol, Nn. 2 'CeH 3 (OH)*CHlCHMe, silvery 
leaflets, m, p. about 172° (rapidly heated) or 168° (slowly heated), 
by boiling with very concentrated methyl -alcoholic potassium 
hydroxide in a slow current of hydrogen. The propenyl compound 
is more conveniently obtained by submitting 4-acetylamino-o-allyl- 
phenol to the same treatment. 

hAcetylamino-o-allylphenol is converted by boiling acetone, allyl 
bromide, and potassium carbonate into ^i-acetylaminn-O'allylphenyl 
allyl ether, colourless leaflets, in. p. 111'5 — 112°, which yields 
i-acetylamino-2:^-dialIylphenol, leaflets and needles, m. p. 
8o— 86°, by treatment by the dimethylaniline method; from the 
latter, 4-amino-2 : 6-diallylphenol (above) is obtained, but not satis- 
factorily, by boiling with dilute sulphuric acid in an atmosphere 
of hydrogen. 

IV. Synthesis of Eiujenol [with F. KremersI. — TM ethyl guaiacol- 
carboyylate (3-methoxysalicylate). m. p. 66 — 66*5° (Fritsch gives 
63°; Einhorn, 73°), is converted by boiling wdtb methyl ethyl 
btone, allyl bromide, potassium carbonate, and a little potassium 
iodide for seven hours into methyl "^-meAhoxy’^-allyloxyhenzoate, 
b. n. 105 — 107°/ 8 mm., which yields the corresponding acid, 
needles, m. p. 65°, by hydrolysis with boiling 30% methyl- 
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alcoholic potassium hydroxide. When heated, the acid loses carbon 
dioxide and suffers transformation, yielding o-eugenol almost ex- 
clusively, but its methyl ester is converted almost explosively at 
230 — 240*^ into ineikyl ^-hjdroxy-'o-rne.ihoxi/-‘^-aMylh€nzoaU 
needles, m. p. 55 - -55'5°, b. p. 173 — 174°/12 mm. On account 
of the violence of the traiisforniation, a method of heating under 
diminished pressure (in this case 200^/60 inm.) was tried, and gave 
such satisfactory results that it is recommended for the transform- 
ation of other allyl ethers into allyl phenols. On hydrolysis, the 
preceding ester yields ^diydroxy-^-methoxy-Z-allylbenzoic a6d, 
prisms, m, p, 127® (hydrated, m. p. 85- -88°), which is converted 
into eugenol by heating with dimethylaniline at 160°; the methyl 
ester also yields eugenol (and methylaniline) by boiling with aniline 
for four hours. C. S. 

The Aristols and the Quantitative Estimation of Thymol. 

E. Moles and M, Marquina [Anal. Fis. Quim., 1919, 17 , 59—83), 
— Aristol is obtained as a red precipitate on adding a solution of 
iodine in potassium iodide to an alkaline solution of thymol 
(Messiuger and Vortmann, A., 1889, 1150), On drying, the red 
substance loses water and iodine and passes into a yellow powder, 
one molecule of aristol giving 75 molecules of water and 0'15 atom 
of iodine. The freshly precipitated substance appears to behave 
as a gel in which iodine is adsorbed. The m. p. of both form.'! 
varies between 105° and 115°. A possible quinonoid or ketone 
structure was tested by means of hydriodic acid and by phenyl- 
hydrazine with negative results. Determinations of the molecular 
weight by cryoscopic measurements in benzene and thymol show 
that double molecules are present in the former solvent and single 
in the latter, the polymerisation indicating a phenolic structure. 
The constitution assigned to the yellow aristol is di-iododi thymol 
(annexed formula). The following method 
Me Me for the estimation of thymol is given: The 

/\ /\., thvmol, dissolved in water, is added to 

I I sodium hydrogen carbonate solution. A 

^ measured quantity of standard iodine solu- 
Pr’' tion in excess is added, and the mixture is 
acidified with sulphuric or hydrochloric 
acid. The excess of iodine is titrated with thiosulphate solu- 
tion, Over wide ranges of variation in the value of the latms 
thymol : sodium hydrogen carbonate and thymol : iodine added, the 
mean value of the quantity of iodine consumed was 3‘60 atoms per 
molecule of thymol. ^ ' 

Triphenylmethyl Sulphur Compounds. D. Vobla^der 
Ernst Mittag {Ber., 1919, 62 , [5], 413-423. 
i, 1335).— A poor yield of triphenylmethyl sulphide, ,S(CPn 3 ) 3 , may 

be obtained by the interaction of triphenylchloromethane an 
alcoholic sodium sulphide or sodium triphenylmethyl sup i > 
CPhg-SNa, It is a white powder, in. p. 182° (decomp.), which oii Y 
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reacts with alcoholic mercuric cyanide on boiling, mercuric sulphide 
being formed. 

\^eii an ethereal solution of triphenylmethylthiol is treated in 
tbe cold with an equimolecular proportion of sulphuryl chloride, 
liiphenylmeth^l thiochloride [chlorofMoltripkenylmethane] is de' 
posited in yellow prisms, m. p. 137®, according to the equation 
0 ph 3 'SH + SO^Cl 2 = CPhg*SCl + SO 2 + HCl. . The compound is very 
stable towards water, but is decomposed by alkali hydroxides. The 
chlorine atom is readily replaced by other groups, using basic re- 
agents, the following examples being described: (1) A solution of 
sodium methoxide gives trij)henyl methyl meihoxyl sulphide, 
CPh^'S'OMe, needles, ra. p. 124°, and sodium phenoxide forms 
fripiienylmethyl phenoxyl sulphide, large prisms, m. p. 91 ’5°. 

Triphenylmethylthiol yields triphenylmethyl disulphide, 
CPbg'S'S’CPhs 

(ibid.). (3) Ammonia produces triphenylmethyl sulphamide [tri- 
pkeny^methylthiolamine], CPh^'S'NHo, which crystallises in white 
rods, m. p. 126°, and forms an acetyl derivative, CPhg^S’NHAc, 
needles, m. p. 187°, and a henzylidene compound, CPh^S*NICHPh, 
Yellow needles, m. p. 128°. (4) Methyl amine yields iriphenyl- 

methyl me thyhulphamide [triphenylmethyUhiolmethylarriine], 
leaflets, m. p. 119 — 120°, whicli forms an acetyl derivative, pris- 
matic needles, m. p. 133°, and a ■nifro^o-compound, 
CPh,-S'NMe‘NO. 

colourless crystals, m. p. 102 -103° (decomp.). (5) Dimethyl- 
amine gives tri'phenylmethylthioldimethylainine, m. p. 105 — 108°. 
( 6 ) Aniline forms triphenylmethyl phenyhulphamide \triphenyl- 
wcth|UhiolaniUne^, white tablets, m. p. 103°, and o-toluidine gives 
irlnhemylmethyUhiol-o-t olid dine, leaflets, m. p. 141°, 

If a solution of triphenvlmethylthiol in benzene is shaken with 
fodium nitrite solution and gradually treated with dilute sulphuric 
acid, or slowly mixed with linuid nitrogen tri oxide or peroxide, 
fripienylmethvl thiomtrite. CPh^-S'NO, separates in green needles, 
m. p. 104° (decomp.). Concentrated solutions of this ester in 
benzene appear red in transmitted light and green by reflected 
light. The thiol also couples with benzenediazoniura chloride in 
the presence of sodium hydroxide, giving iriphenylrnethyUhiodiazo- 
kn:enc, CPh,*S*N.Ph, yellow leaflets, m. p. 108° (decomp.). 

Chlorothioltrichloromethane (perchloromethyl mercaptan)^ con- 
denses with benzene under the influence of aluminium chloride to 
form thiol) enzovkcnovp. Ph.iCS, a deep blue oil which yields benzo- 
phenone on boil in? with alcoholic potassium hydroxide, and tetra- 
])lienylethylene on heating with copper powder, J. C, W. 

Molecular Transpositions of the a-Glycols. V. The 
Dehydration of a Methoxy-derivative of a^y-Triphenvl- 
propane-ajS-diol. A. ORtxHOFF [with F. Cojia y Roc a] (Buli Soc, 
'’b'm,, 1919, fiv], 25, 174—179. Compare this vol., i. 205, 206).— 
Magnesium’ benzyl bromide condenses with p-anisoin to give 
'i-pb c n yl - aB-di-D-a nis ylvro7)ane-aB-diol, 

CHoPh*C(CeHpOMe)(OH)-CH(OH)»C^H^-OMe, 
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m. p. 152—153°, which when dehydrated with sulphunc acid yields 

hemyldi-^-anisylacetaldehyde, CH 2 l’l‘’C(C 6 H 4 'OMe) 2 -CHO, m. p, 

71-72°, giving an oxime, m., p. 116-118°, The aldehyde ,s 

decomposed by alcoholic potassium hydroxide, yielding 
fiP^i-Lnisylethane, m. p. 89-90°. The constitution of this latter 
compo^d was proved by its synthesis as follows: Di^anisyV ketone 
condenses with magnesium benzyl chloride, giving 
anisylethyl alcohol, CH,Ph-C(CeH,-OMeVOH, m, p. 
which when dehydrated by acetyl chloride yields phenyld^^- 
anisyleihylene, CHPh:C(C,H,-OMe), m. p. 62-63 , and Ais, when 
reduced by sodium in absolute alcohol, gives a-phenyl^Mi-,e 
a nisyl ethane. 

Molecular Transpositions of the 
hydration of aaSy-Tetraphenylpropane-«^^diol. A. O^khofp 

fwith J. Zive] [Btdl. Soc. chm., 1919, [iv], 25 , 179— 182. Com. 
pare preceding abstract),-Magnesium benzyl chloride condenses 
with phenylbenzoin to give aa^y-tetraphenylpropane-a^-diol, 

‘ ^ OH-CPh2-CPh(OTt)-CHjPh, 

m D 141—142°, which when dehydrated with sulfuric acid 

yield^s hencyl triphem/lm, ethyl ketone, CV\-C0-Ca,7h, m. p. 

113-113-5°; this is decomposed by alcoholic potassium hydroxide, 
giving triphenylmcthane and potassium phenylacetate. W. 

Molecular Transpositions of . n^ribenvl* 

Dehydration of „j 3 -Diphenylbutane.a^-diol and of a^-Diphenyl 
methylpentane-a,8-diol. A. Orekhoff [with J. Zive] {B ,11 hoc. 
chim ^1919 fivl, 25. 182—186. Compare preceding abstract) 

By dehydrating ad-diphenylbutan-aP-diol with hot 20% 

acid Tiffeneau and Dorlenconrt obtained ao.diphenylbutoldehyd6 
(compare A., 1906, i, 724). The authors, by using cold concen- 
Sted sulphuric acid, obtained ethyldeoxybenzoin -d f — ^ , 

m. p. 32—33® giving a sem. 2 carhazone, m. p. 191—192 , wHicH was 

”°M?mestom'"!’sohutyl bromide condenses with benzoin to give 

dehydrated with cold concentrated snlphiinc acid yields «obutyl. 
deoxybenzoin. 

Molecular Transpositions o* “’^jy^.^; y/^^floTrr 
Constitution of the Product o* ijll 25 

phenylethanediol. A. Oeekiioff (StiU.Soc. chm., 1919 [i 1, Zto 
lftA_1891— The author agrees with Kohler (compare ; 

i 753) that the product of dehydration of a^trvp eny ® ^ . 

; diphenylacetoiAenone, CDPh -COPh, and ’’“t somalled tr 
phenylvinvl alcUol, CPh,:CPh-OH .t’phLv) 

i. 439). Diphenylacetophenone condenses with niagne 

bromide to give aam-tetraphenyl ethyl ’ bromide 

which is also obtained by the action of magnesium p J ^ 
In diphenylacetvl chloride. The alcohol, when dehydrated. ymW. 
tetraphenylethylene. 
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Diphenylacetophenone condenses with magnesium benzyl chloride 
to give aa^ytetra'phenylp’oparir^'ol^ m. p. 135 — 136°. W. G. 

Action of Light on alio- and iso-Cinnamic Acids. Hans 
Stobbb {Bcr,y 1919, 52, [/i], 666 — 672). — Two specimens of 
jinnamic acid, m. p. 42°, obtained from the acids, m, p.’s 68° and 
58° respectively, were exposed to bright daylight during two years; 
tlie product consisted entirely of unchanged acid and J3-truxillic 
acid. 

[With JussiK PoGossiANZ.] — Specimens of cinnamic acids, 
jii, p.’s 42°, 58°, and 68° respectively, were exposed in quartz tubes 
to direct sunlight which was sufficiently powerful in the circum- 
stances to cause temporary fusion, with consequent isomerisation; 
in each case, the product consisted chiefly of o-truxillic acid with 
little j8-truxillic acid and minimal quantities of frurzs-cinnamic acid 
and benzoic acid. Reaction in the illuminated molten mass, and 
also in benzene solution, may be represented by the scheme : 


cts-Cinnamic acid (liquid) ^ 

iran5-Cinnamic acid 

(liquid) 

/ 

1 

1 

\ 





Benzaldehyde 

cis-Cinnamic — y 

. 

^ra?is-Cinnainic 

Benzaldehyde 


acid (solid) 

acid (solid) 

1 



/3'TruxiUic, acid 

a-Truxillic acid 



[With Eduabd Faerber.] — the possible polymerisation of 
cinnamic acid by heat has been investigated either alofie or in the 
presence of a solvent (water, naphthalene, xylene, ethylene 
dibromide). Polymerisation was only observed with certainty in 
tte experiment with ethylene dibromide, when a-truxillic acid was 
formed in small amount. It is suggested that the action may be 
due to slight decomposition of the solvent into bromoethylene and 
hvdrogen bromide, and the catalytic influence of the latter, 

H. W. 

The 0-Benzoyl Derivatives of /?-Resorcylic and Gentisic 
Acids, Max Bergmann and Paul Dangschat 1919, 52, 

[B], 371 — 388). — In a recent paper (A., 1918, i, 172), Fischer 
described a remarkable reaction of the acyl derivatives of some 
aromatic acids containing at least two hydroxyl groups in neigh- 
bouring positions, namely, the wandering of an acyl group from 
one place to another during hydrolysis. For example, 4-benzoyl- 
2-acetylprotocatechuic acid yields 3-benzoylprotocatechuic acid. In 
order to prove whether this phenomenon is connected with the 
juxtaposition of the hydroxyl groups, Fischer has suggested the 
present investigation on ^-resorcylic and gentisic acids, in which 
tie hydroxyl groups are, respectively, in meta- and para-arrange- 
nient. The authors have succeeded in isolating the two pairs of 
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monobenzoates, but have found no indicatiwis of a tendency for 
the benzoyl group to wander from one position to the other. 

Protocatechuic and gallic acids also only yield one carbomethoxy^ 
or acetyl derivative, the acyl group being in the meta-position with 
respect to the carboxyl group. ^-Resorcylic and gentisic acids yield 
o-acyloxy-compounds as well as meta- or para-derivatives. 

2~Benzoyloxy-4.-7net]iylc(irhoJiatobenzoic acid 

C02Me-0'CgH3(0Bz)‘C02H, 

is obtained in long, thin needles, m. p. 148 — 149° (corr.), by the 
action of benzoyl chloride on carbomethoxyresorcylic acid (Fischer 
A., 1909, i, 161), and is hydrolysed by means of iV-ammonia solu- 
tion to ^-hydroxy -%hemoyloxy benzoic addj which crystallises in 
concentric groups of needles, in. p. 160— 16P (corr.). When 
treated witdi an excess of diazomethane in dry acetone, this acid 
yields methyl ^-henzoyloxyA-meihoxyhenzoate, 
0Me*C6H3(0Bz)-C02Me, 

which crystallises in needles or flat prisms, m. p. 69 — 70°, and is 
hydrolys^ by dilute aqueous-alcoholic sodium hydroxide to 
4-methoxysalicylic acid, m. p. 161° (corr.) (compare Tiemann and 
Parrisius, A., 1881, 270). The last compound affords the clue to 
the constitution of the benzoyloxy-acids. 

2’A-Diacetoxyhenzoic acid^ well-developed, microscopic prisms, 
m. p. 136 — 138°, is obtained by heating jS-resorcyHc acid with acetic 
anhydride and zinc chloride, and is partly hydrolysed by dilute 
sodium hydroxide at 0° to i-hydroxy-'H-acetoxyhenzoic acid^ which 
crystallises in lanceolate leaflets, m. p. 167 — 168° (corr.). This 
acid yields methyl ‘l-acetoxyA-methoxyhenzoatCy m. p. 56 — 57° 
on treatment with di azomethane, and this ester may be hydrolysed 
to 4-methoxysalicylic acid. The acid also gives ^-henzoyloxy-% 
acetoxyhenzoic add, flat needles or prisms, m. p. 148 — 149° (corr.), 
when treated with benzoyl chloride and pyridine, and this is 
partly hydrolysed by a mixture of acetic and hydrochloric acids 
to %hydroxyA-henzoyloxyhenzoio add, needles, m. p. 193 — 194° 
(corr.). Treatment with diazomethane gives methyl \‘benzcyloxy- 
2-methoxyhenzonte, m. p. 78 — 80°, wdiich is hydrolysed by dilute 
aqueous-alcoholic sodium hydroxide to Fischer and Pfeffer's 
4-hydroxy-2-m ethoxy benzoic acid, decoinp. 187 — 189° (corr.) (A., 
1912, i, 559). 

^-Benzoyloxy-b-methylcarhonatohcnzoic add, long, fiat needles, 
m. p. 148 — 149° (corr.), is' obtained from car bom ethoxy gentisic 
acid (A., 1909, i, 161) and hydrolysed by .Y-ammonia solution to 
b-hydroxy-2-henzoylQxyhen’oic acid, which crystallises in micro- 
scopic leaflets, m. p. 211 — 212° (corr.). When treated with diazo- 
methane, this yields methyl 2-benzoyloxyA-methoxyhenzoic acid, 
stout, quadratic plates, m. p. 106 — i07° (iorr.), which gives the 
known S-m ethoxy salicylic acid, ni. p. 145 — 146° (corr.), on hydro- 
lysis (Tiemann and Muller, A., 1882, 52). A characteristic differ- 
ence between this acid and the isomeric 5-hydroxy- 2-methoxybenzoic 
acid, m. p. 155 — 156° (Fischer and Pfeffer, loc, dt.), is that the 
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^riiicr gives a deep blue colour with ferric chloride and the latter 
inly a grey colour. 

l.i{ydToxy'2‘acttoxyhenzQic add^ twinned prisms, m, p. 
[71—173“^ (corr.), is obtained by the partial hydrolysis of diacetyi- 
irentisic acid (Hemmebneyer, A., 1909, i, 387) with A-ammonia in 
Ju atmosphere of hydrogen, and is converted by diazomethane into 
2-acttoxy-^-methdxyhenzoate, m, p. 45 — 46*^, which is 
iivdrolysed to the above 5-methoxysalicylic acid. It is also con- 
verted into b-henzoyloxy’^-acetoxybenzoic acid, which crystallises 
j]i microscopic, bent needles, m. p. 166 — 167^ (corr.), and yields 
‘)jiifdroxy'^~benzoyloxyhenzoic acid, leaflets, m. p, 178—179° 
l|con')i hydrolysis with a mixture of acetic and hydrochloric 
jcids. When treated with diazomethane, the acid gives methyl 
y.j}cnzoyloxy-2~metkoxyhefizoate, m. p. 83 — 84°, which may be 
lydrolysed to 5*hydroxy-2-methoxybenzoic acid. J. C. W. 

Guaiaretic Acid. J. Hkrzig and F. Scbifp (Ber., 1919, 52, 
lil], 260), — The authors agree with Schroeter and others (this vol., 

84) that the formula of guaiaretic acid is C2 oH^ 04 . j, c. w. 


Some Derivatives of Phlorogluciuol. Adolf Sonn {Ber., 
1919, 52, [.5], 255 — 259). — Mosimann and Tainbor have found that 
jt'ctophloroglucinol will not condense with 7^hydroxybenzaldehyde 
(A., 1916, i, 822), whereas its di- and tri-methyl ethers condense 
readily, and Sonn has found the same in difference in the case of 
ethyl acetophloroglucinolcar boxy late. This is most probably due 
lo the fact that the compounds are really derivatives of triketo- 
kxamethylene. 

The above ester is obtained by boiling a solution of Jerdan’s 
lactone (A., 1917, i, 277; 1918, i, 33) in a mixture of acetic and 
hydrochloric acids, carbon dioxide being evolved. Ethyl 2-ucttyl- 
fkhroghtcinolA-carhoxylate, C02Et*C(;HAc(0H)3 or 


cystallises in bundles of slender needles, m. p. 77 — 78°, and changes 
inUi ethyl pklorogliicinolcarhoxyJate when left with 25% potassium 
ydro.xide. This ester crystallises from water with IH^O, or from 
Icohol in anhydrous prisms or needles, m. p. 129°. 

When Jerdan^s lactone is left for some time with 33% potassium 
ydroxide and the solution is acidified, ethyl (n-carboxyphloro- 
(dophenonecarboxylate \ ‘S-carb ethoxy phloroacetophenoneacetic 
wd], C02Et*C6H(OH)3*CO‘CH2*CO.,n, is precipitated. The acid 
las m. p. 160°, and changes into the above ethyl 2-acetylphloro- 
[]iiciDol-4'carboxylate on melting or warming with acetic 
inhydride. 

The silver salt of Jordan’s lactone, when heated with ethyl iodide, 
?iel<is ethyl ^ :7-dihydroxy~i-ethoxy-\ \2'henzopyroneS{or 8)-ccw6- 

C02Et-C6H(OH),,<C^ ^Tiin, prismatic crystals, 

c ( 0 j • on 

p. 160°. J. C. W. 
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Constitution of Bile Acids. I. Cholanic, isoChoIanic, 
and ^-Cholanic Acids . W. Borsch e and Emmy Rosenkranz [ Ber .^ 
1919, 52, [B]j 342— 345). --When bilUnic and isobilianic acids, 
Cj 9H3 i(C 0)2(C02H)3, are reduced by means of amalgamated zinc 
and hydrochloric acid, they yield cholanic and isocholanic acids, 
C2 oH 8 s(CO)(C 02H)3. The ketone group of the latter pair, of 
isomerides therefore corresponds in position with one ketone group 
of the former pair, and accordingly the -CH-OH- groups of 
deoxycholic acid and cholic acid which gave rise to these ketonic 
acids are identically placed. It has already been prov^ that the 
second alcoholic group of deoxycholic acid, C24H40O4, is identical 
with a second group in cholic acid, C24H4QO5, the evidence being the 
great similarity between the ketonic tricarboxylic acids, namely, 
the pairs of bilianic and cholanic acids, which these hydroxy-acids 
yield on oxidation with permanganate. Consequently, cholic acid 
is a hydroxy deoxycholic acid. 

When deoxycholic acid is oxidised by chromic acid, it yields 
dehydrodeoxy cholic acid, 0241135(00)2* CO2H, and when this is 
oxidised by alkaline permanganate it gives if-cholanic acid, m. p. 
259—260° (decomp.). This is another isomeride of cholanic acid, 
C0:C2 (jH 33(C02H)3, the constitution of which will he investigated 
more fully. 


Improved Preparation of Aromatic Aldehydes. Gustave 
Blanc (Eng. Pat., 115244 ).— Aromatic aldehydes free from any 
trace of carboxylic acid are produced by boiling aromatic chloro- 
methylene derivatives with an aqueous solution of an alkali 
dichromate, preferably with the addition of an alkali hydr- 
oxide or carbonate. The reaction is approximately represented by 
the equation SR'CHf^Cl 4- Cr20jNa2 -I- NaOH — 3NaCl -1- 3R*CH0 -i- 
Cr,On4-2HnO. [See, further, J. Sac. Ckem. Ind., 1919, June.] 


Terpenes and Ethereal Oils. CXXVI. 0. Wallace 
(Anriateny 1919, 418, 36— 69).~I. Conversion of Menthonc into 
Pulegenone [with Emma Grote].— T his work has already been 

recorded (A., 1918, i, 544). n rri • j. 

II. Euccvrvone Series [with Max StaudacherJ.— The experiments 
on the behaviour of halogenated cyclic ketones towards aqueous 
alkali (A., 1918, i, 440, 442, 444) have been extended to include 
members of the eucarvone series, j3-Dihydroeucarvone [Annden, 
1914, 403, 91), the constitution of which has not yet been ascer- 
tained, is smoothly converted by bromine (1 mol.) in cold glacial 
acetic acid solution into a dihromide, prisms, m. p. 

71 — 72“^, which is isomeric with the dibromide, m. p. 68°, obtained 
by the bromination of tetrahydroeucarvone (A., 1918, i, 444). The 
new dibromide, m. p. 71—72°, reacts rapidly with warm 2% aqueous 
potassium hydroxide, yielding volatile products and an aci(f, 
Th® volatile products have not been obtained in 
sufficient quantity for complete examination, hut they consis 
chiefly of a ketone which shows no similarity to ketones ot m 
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eucarvone series. It readily forms a semico^hazone ( ? CuHieOaN. 
or C 9 HJ 7 ON 3 ), crystals, m. p. 194 — 195®, has an odour of camphor, 
behaves towards permanganate as an unsaturated compound, and 
by reduction with hydrogen and • palladium yields a saturated 
ketone {semiccurMzone , m. p. 196 — 197®). 

The acid, CioHieOg, is shown by direct comparison to be identical 
with Tiemann and Semmler’s a-cyc/ogeranic (wogeranic) acid, m. p. 
104—105®. Consequently, the dibromide, m. p. 71—72® probablv 
, ^ . VMe-2’CU2-CO— „ , . ' ^ ^ 

lias the formula 3-dihydroeucarvoue 

bas the 7-ring formula originally suggested (/oc. cit.). 

Since the dibromide contains a methylene group adjacent to a 
narbonyl group, it ought, according to previous experience of the 
bromination of cyclic ketones {loc, cit.)j to undergo direct bromina- 
tion. This is so. By treatment with bromine (1 mol.) in almost 
boiling glacial acetic acid, it yields a tnhromid-e., Ci 9 Hi 50 Br 3 , m. p. 
104—105®, which is only slowly attacked by 2% potassiiun hydr- 
uxide at 70®, yielding an aoid^ m. p. about 170®. The isomeric 
dibromide, m. p. 68 ®, obtained from tetrahydroeucarvone, does 
not undergo further bromination under the above conditions. The 
volatile products obtained when it is shaken with 2 % alkali solu- 


tion {loc. dt.) contain a small quantity of a hydrocarbon (?), b. p. 
138—140° and a yellow substance, b. p. 93 — 95 °/ 8 mm., 0-988, 
fij’ 1-4813 (these values are only given provisionally), which does 
not yield any characteristic derivatives, but is converted by reduc- 
tion with hydrogen and palladium into a mh stance, b. p 
223-225®, D 20 0-9690, < 1-4690 (seirdcarhazone, m. p.* 

212—213°; oxime, m. p. 55—56°), which is probably a cyclic 
ketone having its oxygen atom in a side-chain. 

The acid, CjQHjg 02 , m. p. 91 ’5 — 92-5®, obtained by the action 
of 2 % potassium hydroxide on dibromotetrahydroeucarvone (loc. 
cit.), i* converted by oxidation with alkaline permanganate into 
a mixture of three acids, CjuHjgOa, m. p. 159—160°, CjoHi^Os, 
m. p. 187°, the third acid, m. p. 90 — 91®, being produced in very 
small quantity. 


Since the preceding brominated 7-ring ketones of the eucarvone 
series differ from halogenated 6 -ring ketones in yielding volatile 
products as well as an acid by treatment with 2 % potassium hydr- 
oxide, dihromosuherme, GyH^gOBr^, m. p. 70—72®, has been shaken 
with dilute potassium hydroxide solution at 70®, whereby a volatile 
ketone (semicarhazone, m. p. 190 — 191®) and an acid, probably 
tetrahydrobenzoio acid, have been obtained. ' C. S. 


Adsorption of the Glucosides of Digitalis Leaves. C. 

Mannich (Ber. Beut. 'pharm. Ges., 1919, 29, 206— 213),— Experi- 
ments with gitalin showed the latter to be readily adsorbed from 
aqueous solution by blood charcoal (the latter can adsorb at least 
•-^ 1 % of its weight), less readily from alcoholic solution, and still 
less readily from solution in chloroform. A specimen of charcoal 
containing 20 % of gitalin did not lose glucoside when treated with 
VOL. cxvi. L n 
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water, and only a portion when alcohol was used^, but practically 
all of it was removed by chloroform. Other substances, mch as 
fuller's earth, the sulphides of lead, copper or zinc, and particu- 
larly those of arsenic and antimony, have the power of adsorbing 
the^bitter principles from an aqueous extract of diptalis leaves 
Attempts to isolate the glucosides by treatment of infusion of 
digitalis with animal charcoal and sub^uent extraction of the 
latter with chloroform did not lead to the desired result, possibly 
because the principles are not free in the aqueous solution, but ni 
complex compounds with other substances, such as tanmns 

The author considers that the readiness with which the d|ita is 
glucosides are adsorbed by the powdered drug explains the difficulty 
of their complete extraction, and also the better resu ts which are 
obtained when water, as solvent, is replaced by alcohol. H. W. 

Svntheses of Depsides, Lichen Substances, and Tannins. 

FiscLk filer., 1919, 52, [B], 809-829)._A general 
resume of the progress made by Fischer and his ^-workers in this 
field since the year 1913; the individual subjects haw teeii 
previously abstracted. 

Tannin and the Synthesis SiinUar Si^stances^^^^^^ 

Emil Fischer and M.vx Beegmann (Bei ., 1919, 52, [^]> _ ■ 

Compare A., 1912, i, 471, 88i ; 1913, i, 479; 191o, b 437, 1918 

i 87)— The removal of acetyl groups from substances such as the 
acetates of galloyb and digalloyl-glucose, preiuously effected wAh 
cold alkali or with warm sodium acetate solution, can also be 
effected at the ordinary temperature by a moderate amount ot 
concentrated aqueous hydrochloric acid in methyl-alcoholic solii- 
tioii If the acetyl derivative is too sparingly soluble iR methyl 
alcohol a mixture of the latter with acetone may be used. The 
penta(i;i-diganoyl)-a- and -B-glucoses obtained in this rnann^r rom 
the acetates are optically purer than those previously obtamecl. 
ke method can alL be applied with good results to simpler sab- 
‘stances such as acetylsalicyiic acid and tnacetylgallic acid. 

The use of the potassium salt for the purification of tanmns was 
recommended by Berzelius. The authors find most convent 
method of preparation to consist m mixing 

the natural or synthetic tannins and potassrum ™ 

precipitates contain small quantities of the latter. 

Chinese tannin, pentadigalloyl-a-glncose pentadigalloyW-glucAe. , 

and pentagalloyl glucose have [a]„ +46-3° 

respeftively, in witer. The salt appears to be ^ * 

separation of artificial tannins Irom many other su^^tencey 
fo? their purification, but not suitable for the differentiation 

‘"Attempts^ hi°vi been made ‘o extend the method used » the 

preparation of l-monogalloyl-e-glucose ®2ently the 

l-acylglucoses, but the results are disappointing, “ 7 

acyl group is removed simultaneously with the acetyl gro p.. 
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is, i'or example, the case with \-henzo^ltetra-actityl-a-ylmose, long, 
(“olourless needles, m. p. 60 — 63^, but frequently several degrees 
lower, owing possibly to dimorphism, + 113-b^ in chlorotorm. 
On the other hand, l-p~(icctoxybtnzoyitetra-acttyl-^-(/lucose, colour- 
less needles, m. p. Vrz — 173^ (corr.), [a]p— in s-tetrachloro- 
ethane, could be converted by alconolic sodium hydroxide or 
alcoholic ammonia into l-^-hydroxybemoifl-^-gkiGosej flat needles, 
p. about 228® (corr. ; decomp.) when rapidly heated, 
UlJ -23’9® in 6--tetrachloroethane; in the latter case, l-^-hydroxy^ 
l)Cfizoylietra‘avetyk^’(jliiwiie, in. p. 196 — 197® (corr.), [a])^ — 38-4® 
ill acetone, is formed as intennediate product. similarly, 
\.^-acetoxyhenzoyUetra’acetyl~arglucose, m. p. 134 — 135® (corr.), 
iaJjj-rll6® in 6*-tetrachloroethane, could be de-acetylated with 
alcoholic sodium hydroxide, but the product was a syrup which 
-ould not be caused to crystallise or reconvertecl into the pure 
penta-acetate. 

The catalytic action of sodium alkyloxide on esters in alcoholic 
solution has been applied for the removal of acetyl groups. Thus, 
for the elimination of the five acetyl groups of p-ac etoxy benzoyl- 
tetra-acetylglncose dissolved in alcohol, one molecule of sodium 
ethoxid© is sufficient at the ordinary temperature, and the presence 
of a small quantity of water in the alcohol does not hinder the 
reairtion; these conditions are particularly advantageous for 
securing good yields. The method has also been applied to the 
isolation of dextrose from its pentn-acetate and of a-methylglucoside 
from its tetra-acetate. 

Attempts to prepare l-galloyl-a-glucose are . described. It is 
found that the specific rotation of l-galloyl-;3-glucose gradually 
changes from negative to positive, and finally attains a maximum 
when its aqueous solution is agitated with calcium carbonate, or, 
more rapidly, with sodium carbonate or pyridine; in all probability, 
the change in sign is caused by the conversion of l-galloyl-j3-glucose 
into the a-derivative, but attempts to isolate the latter from the 
product were not successful. Crude tetra-acetyl-a-glucose, obtained 
by inversion of the /8-conipound, was therefore treated with tri- 
iicetylgalloyl chloride in the presence of quinoline, whereby 
ultiTnately triacttylgalloyltetra-acetyl-a-glucose, microscopic needles, 
in. p. 158 — 159® (corr.), [a]D®M-99'9® in 5-tetrachloroethane, was 
isolated; this was then hydrolysed with alcoholic ammonia, but the 
product was not crystalline. It appeared, how^ever, to contain con- 
siderable amounts of 1-galloyl-o-glucose, since, on re-acetylation, it 
yielded the hepta- acetyl derivative in quantity. 

The galloyl derivatives of the sugars differ among themselves in 
their behaviour towards gelatin solutions. The penta- and tri- 
sjalloyl compounds precipitate the latter from aqueous solution in 
the saint, manner as do the tannins, but this property is not shown 
by the varying monogalloyl glucoses nor by monogalloyl fructose, 
i^nice similar differences were to bo expected among the poly- 
bydroxy-alcohols, the derivatives of glycol, trim ethyleneglycol, 
glycerol, erythritol, and matin itol have been prepared and ex- 

n 2 
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aniined. They are readily obtained from the alcohols by coupUug 
with triacetylgalloyl chloride and subsequent removal of the acetyl 
groups. The crystalline ethyleneglycol digollate is so sparingly 
soluble in water or alcohol that its reaction with gelatin and arsenic 
acid cannot be investigated. With trimethyhneglycol digallate, 
the gelatin test is not characteristic, but distinct gelatiniaation is 
caused by arsenic acid in alcoholic solution. Erytimtol tetra- 
(fdlate is readily soluble in water and coagulates gelatm, but tie 
alcoholic solution is too dilute to be tested with arsenic acid. The 
amorphous glyceryl trigaUate and mxmnitol hexagalLate yield 
colloidal solutions in water and behave like tannms towards both 
reagents. The physical properties of this senes of substances are 
as follows : ethyleneglycol ditriaeetylgdlate, colourl^s leaflets, 

jQ n 172 112° (corr.) after slight softening; ethyleneglycol 

digallate, microscopic needles, which decompose at about 287» 
(coTv.) without melting; glyceryl tH-triacetylgf ate amorphous 
Wer; glyceryl trigallate, pale yellow amorphous brittle maj. 

rWith (Frl.) Hertha von ■pELCH^ziu.j-Tnmethyleneglycol dr. 
Inacetylgdlate, leaflets, m. p. 159-160°; tnme%eneglycol 
digallate, leaflets, m. p. about 270° (decomp ) ; eryttntel Uira. 
tnacetylgallaU, small, colourless needl^ mthout de.finite m p ; 
erythritol tetragallate, which when rapidly heaW darkens at about 
“>88° and is completely decomposed at about 308 ; mmmtol hexa- 
triacetylgallau, amorphous, pale brown 
gallate, amorphous, pale brown substance, [o]i, + 27 0 in 

The Resolution oi Hyoscine and 
Acid and Oscine. Harold King (T., 1919, 116, 476 508). 

A New Synthesis o£ Hydrastinine and its Hornologues. 

Kabl W. Rosenmund {Ber. Deut. phm-m. Ges., 1919, , 

200 — 206).— Starting from methylenedioxyphenyhsopropylamne, 

the synthesis of certain hornologues of hydrastimne has beeu 
elected, whilst the alkaloid itself has been prepared from homo- 
piperonylamine by a new method. 

Metkylenedioxyphenylisopropylaminometh^^ 

CHoOoiaHs’CHo-CHMe-NH-CHg’OH, 

yg 57 58°; the hydriodid^ forms colourless 


CHj< 


„ kaflete, ’mr'p. 215-217°. Methylation 
CHMe ,v 1 -nreferably wr 


CHo 


the base, preferably with formaldehyde, 
gives i-methyldihydrohydrMUmne^-l 

15-87° {hydrochloride, m. p. 230-^d4 , 
hydriodUe, m. p. 240°; perchlorate, coio 
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less needles, in. p. 216°), which can also be prepared from 

metbylenedioxyphenylj^opropylmethylamine. . Oxidation with 
potassium dichromate and sulphuric acid or with iodine leads to 

the formation of Z-methylkySrastinine^ m. p. 107 108° (hydr- 

Iodide, yellow leaflets, m. p. 210—212°; perchlorate, greenish- 
vellow needles, m. p. 212°). 

Phenylacetylmethylenedioxyphenyli%Q projyylamine, colourless 

needles, m. p. 105—106°, is prepared by the action of phenyl> 
acetyl chloride on the amine, and is converted by treatment with 
phosphoric oxide into \~henzyl-^-methylnorhydrastinine, yellow 
svrup {picrate, m. p. 182°; hydriodide, shinin? prisms m n 
•]08°).' _ r , . 1- 

JIouiopipero)iylainin (yniethanol, 

CH^OglCoHj-CHa'CH^-NH-CHrOn, 

is obtained as a colourless, very unstable oil by the action of chloro- 
inethyl alcohol (1 mol.) on homop ip eronyl amine (2 mols.) in 
ethereal solution, and is converted by 10% aqueous hydrochloric 
acid into dihydronorhydrastinine, identical with the product 
lescribed by Decker (A., 1911, i, 906). H. W. 


Porphyroxine. 

155—461). 


JiTENDEA XaTH RaKSHIT (T., 1919, 115, 


Syntheses in the Indole Series. Homologues of Di- 
)xindole and Isatin. J. Martinet C/im., 1919 , [ix], 11, 
15—84 85—130).— For the most part a more detailed ’account of 
ffork already published (compare A., 1913, i, 756; 1918 i 306 
M5, 351). The following new compounds are described. 

Methyl diacetyl-b-methyldioxindole-^-carboxylate, m. p. 132° 
ind the corresponding ethyl ester, m. p. 110°. ’ 

Methyl 5 : 7-dimethyldioxindole-Z-carboxylate , m. p 260° and 
hdiacetj/l derivative, m. p. 227°; the corresponding* gay^ester, 

n. p. 215°, and its diacetyl derivative, m. p. 203 204°* ^-1 di 

mthyUiosdndok, m. p. 228—329° and its O aoetyl derivative 
-n. p. 201—202°. ' 

Methyl acetyl-l-methyldioxindole-Z'carhoxylate, m. p. 146° and 
the ethyl ester, m. p. 65°. ^ ^ 

^ 5 -hromo-l‘methyldioxindole-Z-carboxylate, m. p 160° and 

iMcetyt denvative, m. p. 132°; 5-bromo-\-methykii<>xindole, m p, 
J. . and Its O-acetyl derivative, in. p. 116°; ^-hromo-l-methyl- 
^tinyhenylhydrazeme, m. p, 164°. 

(^etyJA-etkyldioxindole^Z-carhoxylaiey m. p. 68 °. 
^■^romoA-ethyldiojiindole-Z-carhoxylate, m. p. 106° and 
derivative, m. p. 120 °; 5 -bromo-\-ethynsatin, m. p. ’l 44 ° 

Methyl ^-hydroxy^2-keto-Uthyldikydro^P$-naphm^^^^ 

acetyl derivative, m. p. 140°, and the 
m f P- 0^ the corresponding ethyl ester. 



i. 282 


ABSTRAC3TS OT CHEMICAL PAPERS. 


o-Meikyl-lil-tn'methyhnedionndole, re. p. 193 ®; 
'j)henylhydrazone, m. p. 268®; \-ethylkatinj)henylhydratone^ m. p 
74®; ^•eihyl-^'najyhthisatin'phenylkydratone^ re. p. 180®. 

aphthkatoic acid {^mino-a-naphthylglyoxyUc acid) is very 
unstable, but gives potmsium, copper^ lead, and silver salts. 

6-Brom(>''^--meJli7jlisatmc acid (p-hromo-2-methyIarmnopkcnt/]~ 
(jlyaxylic acid) is very unstable, but gives potassiurriy copper^ silver 
and lead salts; b-hromo'ya^ethylisatoic acid also gives potassium 
cofiper, silver, and lead salts. 

l:^dJthyl-^~naph thisatoic add {^-ethylam. ino-a-aaphth yl glyos'dif^ 
acid) gives poiassium, rop;j^r, and lead salts. W. G, 


New Isomefides in the Isatin Series . Ill . Gustav Heller 
(Ber., 1919, 52, [5]. 437—446. Compare A., 1917, i, 219; ms! 
i. 235; this vol., i, 36).^ — The constitutions of three of the four 
Diiodifi cations of 5 : 7-dimethylisathi have already been established, 
and the following formulae assigned to them : 

(V,H3Me,<®^>CO C„H,Me,<™>C-OH O„U,Me,<^^^>C0 
(I.) (11.) (in.) 


In the case of isatin itself, only the isomer ides corresponding with 
these three formul[e have been established so far, but it is now 
found that when the methyl ether of the lactini form (II) of isatin 
is heated with benzene at 200 — 205®, it is partly converted into 
the J-methy] ether of the lactam form (I) and partly demethylated 
and transformed into a new isomer ide which corresponds with the 
fourth modification of dimethylisatin. This is a feeble base the 
salts of which are hydrolysed by water- It does not react with 
diazomethane, methyl iodide, sodium hydrogen sulphite, or 
Fehling’s solution, neither does it form an acetyl or benzoyl derh- 
ative nor give the indophenine reaction. It is more soluble in 
benzene than the other product, and its properties are best ex- 
pressed in the annexed formula. The com- 
pound is designated isatinone, and it crystal- 
lises in well -developed, dark honey-coloured, 
quadratic prisms, m, p. 226® (decomp.). It 
dissolves slowly in 0‘57V -sodium hydroxide, 
and if the solution is quickly precipitated bv 
fifth isomeride, isatinol (annexed formula), i?- 
obtained in orange-yellow flocks, in. p. 255®, which reverts ir 
isatinone on crystallisation from glacial acptr’ 
acid or benzene. The inethvl ether of tbf 
fourth modification of dimethvlif'atin shoiik 
conform to the same type. If the red solution 
in sodium hydroxide is exposed to light, now 
ever, it becomes pale in time and deposit 
Fried lander and Roschdestwensky’s anhydre a-isathianthranihno 
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If the methyl ether of the lactim fonn of i satin is heated with 
iiiethyl alcohol at 200 *^ instead of with benzene, it yields this 
aiihydro-a-isatinanthranilide and a hydrate of it, CJ 5 H 1 QO 3 NC, 
colourless crystals, m. p. 172°, which yields anthranoylanthraniiic 
acid when boiled, with alcoholic potassium hydroxide, 

J. C. W. 

An Improved Method of Preparing Indican from Indigo- 
yielding Plants. Bhailal M. Amin {Agnc. Hes. hid. Pusa, 
Indigo Puhl. No. 5).— The method, which is far more rapid than 
any of the methods hitherto described, consists in extracting the 
fresh leaf with hot water so as to dissolve the indican. Freshly 
slaked lime is added to the extract to precipitate impurities, such 
as amino-acids, tannins, gums, etc. The purified liquor is filtered, 
evaporated, and the indican extracted from the concentrated solu- 
tion with acetone. The wet extract is evaporated to remove the 
acetone, and on cooling in ice the aqueous solution which is left, 
indican hydrate separates. The crude hydrate is purified by 
dissolving it in absolute alcohol and precipitating with benzene, 
when pure anhydrous indican crystallises. This method gives 
an excellent yield (70—80%), and can be applied to any species 
of plant, and by its use pure indican has, for the first time, been 
prepared in large quantities from Java indigo {Indigofera arrecta). 

W. G. 

New Transitions from the Indole to the Quinoline Series . 

Gustav Hellsh (Ber., 1919, 52, [5], 741 — 745).— It has been 
jneviously shown (Heller and Wunderlich, A., 1914, i, 865) that 
■i-cyano -2 : 3 -dihydroindole- 2 -carboxyl amide is converted by nitrous 
fumes into 2-hydroxyqufnoline-3-carboxylamide. A similar con- 
version of the S-membered to the 6 -membei'ed ring occurs when 
diazomethane acts on an ethereal suspension of isatin, 2:3-dihydr- 
oxyquinoline, needles, m. p. 190 — 192°, being obtained (compare 
Madelung, A., 1913, i, 91). The latter, with more diazomethane, 
appears to yield a monomethyl ether; with acetic anhydride, it 
gives a mono acetyl derivative, long needles, m. p. 214 — 215°. 

Under similar conditions, df hydro, r y-6 \S-ditn(JhylquinoI}nc,r[i.'p. 
about 242° (decomp.), is obtained from 2^4-dimethylisatin lactam, 
whilst 2 : 4 -dimethylisatin lactim yields a [rrodact, aggregates of 
needles, m. p. 253° (decomp.). 

Dimethylisatol and dimethylisatinoue are normally alkylated by 
diazomethane, yielding, however, different substances, which are 
insoluble in alkali. Oxindole, dioxindole, and phthalimidine are 
not attacked by ethereal solutions of diazomethane. H. AV. 

Action of Organomagnesium Compounds on Quinoline 
Methiodide. Stereochemistry of Compounds of Nitrogen. 

Maktin Freund and Elisabeth Kessler {J. pr. Chem.. 
1918, [ii], 98 , 233 — 254. Compare A., 1905, i, 156; 1909, 
i, 417), — The action of magnesium propyl bromide on quinoline 
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methiodide yields l'inethyl'2-propyldihydroquinoiine^ 
as a golden-yellow, unstable oil, b. p. 268 — 270° (coid- 
pare von Braun and Aust, A., 1915, i, 586); the jncrate 
forms needles, m. p, 157 — 158°. The base combines with 

methyl iodide, yielding a crystalline methiodide, m. p. 158 — 160° 
(decomp.), which is converted at its melting point or by crystal- 
lisation from dilute alcohol into a compound, m. p. 

184°, which is identified as 2-propylqumoline methiodide. 
1 : 2'DimethylA. : 2'dihydroquinoUne methiodide, yellowish-red 
crystals, m. p. 212 — 213°, does not exhibit similar behaviour. The 
dihydro-base does not yield crystalline salts; it combines with 
bromine, yielding a perbromide, Ci 3 Hi 7 NBr 4 , needles, m, p. ISgo 
which, when treated with sulphurous acid and subsequently with 
sodium iodide, ‘gives 3(i.ybromo-l-methyl-2’'propyl-l:2-dihydro- 
quinoline hydriodide, a yellow, crystalline salt, m. p. 242°, after 
darkening at 235°. The base is reduced by tin and hydrochloric 
acid to l-methyl-2-propyitetrahydroquinolme, b. p. 270 — 280° 
(compare von Braun and Aust, loc. cit.), which, when obtained in 
this manner, appears to be a mixture of two bases, one of which 
has b. p. 274 — 278° and forms a crystalline hydrochloride, long 
needles, m. p. 237 — 238°, hydrobromide, needles, m.‘ p. 223 — 224°, 
and hydnodide, m, p. 176° after softening at 168°, but does not 
give a crystalline methiodide, whilst the other, b, p. 272 — 276". 
does not yield crystalline salts, but forms a crystalline methiodidt. 
colourless leaflets, m. p. 196 — 197° after some decomposition at 
190°. 

The action of magnesium 7sobutyl iodide on quinoline methiodide 
has been similarly studied with the object of discovering further 
instances of stereoisomerism of similar character. \-MethyU2-m- 
hutyldihydroquinoline forms an unstable oil, b. p. 278—280° 
{^icraie, shining needles, m. p. 154 — 155°; the methiodide is not 
crystalline), which, as in the case of the propyl compound, is 
reduced to a mixture of bases, b. p. 260 — 280°, separable by means 
of their hydrochlorides. The one of these is a pale yellow, almost 
odourless oil, b. p. 283° {liydrochloride, transparent needles, m. p. 
223 — 224°; hydrobromide, m. p. 225° after previous softening; 
hydriodide, m. p. 183 — 184°; methiodide, m. p. 168°), whilst the 
other is darker in colour, less pleasant ia odour, has b. p. 263°. 
forms readily soluble salts with the halogen acids, and gives a 
methiodide, m. p, 174° after previous softening. 

\-Methyl-2-hoi)ropyldihydroquinoline is a yellow, unstable oil, 
b. p, 268—274° (picraie, needles, m, p. 184°); it is reduced by tin 
and hydrochloric acid to l-methyl-2‘i'sopropyltetrahydroquinoUni'. 
b. p. 26’5 — 266°. In this instance, the senaration of possible 
isomerides could, not be effected by means of halogen acids, owing 
to the solubility of the salts formed. Probably a mixture of 
stereoisomerides is present, since the crystalline methiodide. 
(yellow needles, ni. p. 179 — 180°) isolated from the crude base 
does not correspond in quantity with the weight of base used. 

2'Benzyl~\-methyldihydrnqvinnIine is obtained in poor yield by 
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the action of ■ magnesium benzyl chloride on quinoline tuethiodide ; 

the crude product is separable into two frictions, b. p. 125 140*^/ 

[3—20 mm. and 140—156^/13—20 mm, respectively.” 

Z‘Brom>o-2-phtnyl-\-methyldihydroquinoline^ b. p. 270^/75 mm., 
forms a brown, feebly basic oil, which has only a slight tendency 
towards salt formation; the mcrate crystallises in four-sided leaflets 
111 , p. 185° after softening at 175°. H. W. ^ 

Some Derivatives of 6 : 7-Dihydroxyquiiioline. W. Borsche 
and R. Quasi {Ber., 1919, 62, [B], 432— 437).— A good method 
for the preparation of Haber's 6 : 7-methyl6nedioxy-2-in ethyl- 
quinoline is described (compare A., 1891, 705). 

Piperonaldehyde is nitrated, and the 6-nitro-derivative, which is 
formed in good yield, is condensed with acetone in the presence 
of 3% potassium carbonate, whereby a 75% yield of i3-hydroxy-i3-6- 
nitro-3 :4-methylenedioxyphenyIethyl methyl ketone, 

CH2:02:CeH2(NO2)-CH(0H)*CH2-C0Me, 
is obtained . (compare Herz, A,, 1905, i, 778). This is reduced by 
means of zinc dust in a mixture of acetic and hydrochloric acids, 
an excellent yield of 6 : 7-methylenedioxy-2-methylquinoline being 
obtained. The base has m. p. 150°, b. p, 306 — 308°/743 mm., and 
forms a tnethiodide, m. p. 277 — 278°, and a methocldoridej m. p. 
265 — 266°, which gives a double salt with mercuric chloride, m. p. 
193° (decomp.). It condenses with benzaldehyde under the 
influence of zinc chloride to form 2-sty ryl-^:l -methylenedioxy- 
quinoline, m. p. 179—180°, and it suffers reduction by sodium and 
alcohol to 6 : l-methylenedioxy-2-methyU\ ; 2 : 3 ; ^-tetrahydro- 
CH *CH ^ 

quinoline, This is a snow-white base, 

m, p. 44 — 45°, which forms a ni^roso-compound, yellow needles, 
m. p. 85—86°, and a methiodide, m. p. 176 — 177°. 

The corresponding phenylquinoline has also been prepared. 
Piperonylideneacetophenone is nitrated, and the phenyl 2-nitro- 
i:b-Tfnethylenedioxystyryl ketone so formed, which crystallises in 
flat, yellow needles, m. p. 165 — 166°, is reduced by zinc dust and 
a mixture of acetic and hydrochloric acids. 6 : 1-Methylenedioxy- 

^-'pkenylquinoline, CH 2 t 02 lCgH 2 '\j^ , crystallises in very 

pale yellow leaflets, m. p. 110°, and its picrate has m. p. 192°. 

J. c. w. 

i/'-l : 8 isoNaphthoxazones . Biman Bihari Dry and Mahexdra 
NathGoswami (T., 1919, 115, 531—541). 

The Asymmetric Nitrogen Atom. LI. Abnormal 
Quaternary Ammonium Salts . E. W edekind and Th. Goost 
(Ber., 1919, 62, [5], 446 — 459). — In the last communication (A., 
1916, i, 671), a diquatemary ammonium salt was described having 
two asymmetric nitrogen atoms of unlike asymmetry, namely, the 
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salt of the formula NMePh(C7H7)Br*C3H5*NMePh(GjH5)I. With 
the hope of obtaining similar salts, experiments have been con- 
ducted with ^y-dimethyldiethyldiaminodiphenylmethane. When 
this is treated with one molecular proportion of benzyl bromide or 
allyl iodide, normal addition takes place (Frohlich, A., 1911^ 
i 493) but s«c.-butyl iodide does not react, and propyl bromide or 
iodide and isobutyi and ethyl iodides give abnormal products of 
the type 2 [CH.,(C 6 H,-NMeEt)„],RX. 

The abnormal propiodide has been studied most completely. 
Attempts to convert it into the corresponding chloride, bromide, 
nitrate, or camphorsulphonate give rise to the free ditertiary base 
and the normal amino- ammonium salt, which can be pecipitated 
as the normal iodide on the addition of potassium iodide Silver 
oxide gives the same result. By treatment with silver perchlorate, 
however, an abnormal perchlorate may be obtained. The salt is 
also decomposed into the base and normal iodide by the action of 
aqueous-alcoholic ammonia, and benzyl bromide reacts in a manner 
which is to be interpreted in the same way. , , 

The normal iodide combines with the base to form the abnormal 
salt and reacts with benzyl bromide to form a salt with two unlike 
asymmetric nitrogen atoms of the desired type Attempts to re- 
solve this into the expected four optical isomerides gave no definite 


results 

The '‘abnormal propiodide,” (Ci 9 H 2 gN 2 ).>,C 3 H 7 l, is obtained 
by beating equimolecular proportions of the base (Frohlich, thjd.) 
and propyl iodide at 100° in a sealed tube. It crystallises from 
methyl alcohol with m. p. 153°, and its solutions become deep blue 
on exposure to the air. The abnormal perchlorate has m. 
I33'n° The normal iodide, methylethylpropp^ethylethytnmmo- 
dijdieriylmcthane-ainmoniuni iodide, 

NMeEt-C,H,-CHo-C,Tr,-NMeEtPrI, 
has m. p. 158-5°, the con-esponding nitrate has m. p. 155 5 , and 
the first crystals of the d-campliorsulphonate LMJp , 

which is about the same as that of the anion itself, . 

])iphenylmethanedkimmoniiim-{mcthyhthylp'opyl wdtde)-{memf - 

ethylbenzyl bromide), 

NMeEt(C7H7)Br‘CcH4*CH2-C(;H4*NMeEt.PrI, 

obtained by the action of benzyl bromide on the normal 
separated by alcohol into a sparingly soluble fraction, deco P- 
about 175°, and a semi-solid portion. The di-xMe mivesf 
ing with the first fraction has m. p. 187°, and the .hperchlonU, 
m V. 225°, whilst the salts of the second portion have m. p. s 
182° and 222° respectively. The mixture of diperchlora s 
rn p. 221°, and can be isolated from the product of the action of 
benzyl bromide on the abnormal iodide. 

The base also forms an “abnormal eihiodide m. p. m i 
and " abnormal hobutiodide," m. p. ^0— 
converts it into divhenylm^thane--$^’d,isdimethyUt}iylam^‘^ 
di-iodide, CH,(C„H,-NMe,EtI);, colourless needles, m. p. 

J. c. w. 
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I. Syntheses and Reactions of New Monoaryl-^hydrazidine 
Carboxylic Esters. II. Oxidative Fission by means of 
Chlorine of Organic Substances containing the Hydrazone 
and Hydrazidrazone Groups. (I.) Carl BOlow and Rich. 
Engleb. (II.) Carl Bulow { Ber ,, 1919, 52, [5], 632— 651). 
continuation of the work of Btilow and Engler (this vol., i, 47), 
the authors have now prepared ethyl a-aminoglyoxylate 3-chloro- 
p-tolylhydrazone, the corresponding amide and hydr azide, and have 
made an extended study of their reactions. They are led to the 
following general conclusions: Benzaldehyde arylhydrazones and 
their derivatives are primarily converted into pure chlorinated 
products by treatment with chlorine in a suitable solvent; as 
secondary change, the hydrazone is converted into the correspond- 
ing diazonium or chloroaryldiazonium group. The arylhydrazone 
residue is eliminated from hydrazidines or amidrazonea as 
hazonium salt by the agency of chlorine. Nitrogen is eliminated 
by chlorine from acid hydrazidrazones and azines, but the 
fie of the remainder of the molecule has not yet been 

elucidated. 

Ethyl a-a’nuno^hjoxylate-'^-chloro-^-tolylhydrazone is obtained as 
colourless, shining leaflets, m. p. 86°, by the action of alcoholic 
ammonia at the ordinary temperature on ethyl a-chloroglyoxylate- 
.khloro-p-tolylhydrazone. The hydrochloride has m. p. 173—174°. 
The ester is readily decomposed by chlorine in acetic acid solution, 
and the diazonium salt of 3-chloro-p-toluidine which is produced 
is readily identified by coupling it with j8-naphthol, the product 
fonning long, red needles, m. p. 179— 179 •5°. Boiling concen- 
trated aqueous hydrochloric acid decomposes the ester, yielding 
ammonium chloride, oxalic acid, and 3-chloro-/^tolylhydrazine 
hydrochloride; on account of its instability, the free base was not 
investigated. It reacts with m-nitrobenzaldehyde to yield m-nitro- 
l(n:aldeliyde~^-chloro-p-tolylhydrazo7xe, m. p. 175° which is 
decomposed by nitric acid with production of a diazonium salt; 
ibif. with chlorine in acetic acid solution, gives the mh stance, 
CiiIIj, 0.N3CI, long, yellow needles, m. p. 139°. 'I'.o-DkUorohenz- 
<i^<hhydc-6-chl(}ro-\y-tolylhydrajonc, slender needles, has m. p, 108°, 
and also yields a diazonium salt when treated with concentrated 
wtric acid, and a substance, m. p. 114 — 115°, when acted on by 
fhlorme. The constitution of the hydrazine is definitely ilecided 
iW preparation of the condensation proilucts with m-nitrobenz- 
jaldehyde and 3 : b-dichlorobenzaldehyde from synthetic S-chloro-//- 
ituMbydrazine, and the identity of the products thus obtained 
those previously prepared. 

I a-.'l mtnof// iiorulnmid(>?i-r.}doru~y)-i(d }}lh }fdraz{)nc, 
NH2-C(:N-NH-C,H,MeCl)*CO-NHo, 
lick, greyish-white needles, m. p. 170 — 171°, is prepared bv the 
protracted action of alcoholic ammonia on ethyl o-chloro- 
yoxylate 3-chloro-p-tolylhydrazone ; it is completely decomposed 
F nitric acid, and is quantitatively decomposed by chlorine, yield- 
ga diazonium salt and a siihsiance, C 9 H^jON 4 Cl. The hydrazone 

n* 2 



i. 288 


ABSTRACTS OF CHEMICAL PAPERS, 


may also be prepared from o-cbloroglyoxylamide-3-cUoro-j-telyi. 

a-Aminoglyoxylhydrazide-Z-chloro-f-tcili/lhydraione, 

NH2-C(;N-NH-CeH3MeCl)-CO-NH-NH2, 

colourless prisms, m. p. 199°, prepared by the action of hydrazine, 
hydrate on the corresponding ester, is immediatel^y decomposed by 
nitric acid, and undergoes oxidative fission by cnlorme in a com^ 
plicated manner, yielding large amounts of diazo^oinpound The 
hydrazide readily yields compounds with benzaldebyde (yellow, 
rhombic leaflets, m. p. 203°), p-hydroxybenzaldehyde (pale yellow 
needles m. p. 245°), m-hydroxybenzaldehyde (crystalline powder, 
m n 234°) 2 : 5 -dichlorobenzaldehyde (yellow prisms, m. p. 262“^). 
yaniliin (small, colourless needles, m. p. 215°) and less readily, 
with acetophenone (long needles, m. p. 229 ). In each case, fission 
by chlorine occurs in two stages: (1) evolution of nitrogen, and 
(2) formation of diazonium salt. The compound with acetophen. 
one is further remarkable for the ease with which it is decomposed 
into its constituents by concentrated hydrochloric acid. 

The hydrazide reacts also with ethyl diacetylsuccinate to yield 

the pyrrole derivative, CMelC-CO^Et 

NH2-C(;N-NH-CeH3MeCl)’CO-NH-N<j^jj^.f.pQ^j,,., 

almost colourless rhombohedra, m. p. 228°. The compound h 
decomposed by nitric acid, yielding a diazonium salt, and also b) 
chlorine; in the latter case, nitrogen is not evolved, the producs 
being a diazonium salt and a residue containing 
nucleus. 


Diketopiperazines. VII. Action of Oxalyl Chloride on 
Alkvloxamides. J. V. Dobsky and F. Blumeb (Ber., 1919. 52, 

fsT^215-2l7. Compare A., 1916, i, 635, 636, 672; 1918 i, 18: 
189).— When alkvloxamides are heated with oxalyl chloride unde 
reflix, they yield tctraketi^l-alkylpiperazines. Thus^ metW 

oxamide forms the known methyl derivative, NMe<(,Q.(,Q>SH. 

which confirms the constitution of compound (M. 636). 

whilst tetraketo-l-ethylpiperazzne crystallises in J 

m. p. 235°. Using benzene as a diluent, however, the o f 
obtained from ethyloxamide agrees with the formula 
CO(NH-CO-CO-NHEt)j, 

and has m. p. 175° (clear at 187°). Oxamide 
undergo such reactions. 

Diketopiperazines. VIII. Action of Absolute Ni ^ 

Acid on 3 : 5-Diketo-l-benzenesulphonylpiperazwe^^J^^^ 

Dobsky and F. Blumeb (5«r., 1919,^ stable towards 

3 : S-Diketo-l-benzenesulpbonylpiperazme la very 
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)UT6 nitric acid, with which it only reacts on boiling, the product 
,eing a compoundy probably of the formula 

yhich forms a frothy mass at 124®, becoming clear at 130®. 

The piperazine derivative was obtained by Johnson's method 
(A., 1906, i, 157) after the following alternative process was found 
to be fruitless. Methyl iminodiacetate is converted into its 
Unzenesulphonyl derivative, needles, m. p. 55—57®, and then into 
\tnunesuLphomminodiacetamide, S 02 Ph-N(CH 2 *C 0 »NH 2 ) 2 , needles, 
m. p. 164®, which only loses a little ammonia when kept molten 
for an hour, and yields scarcely any sublimate when heated at 
350®/ 10 mnL q 


Diketopiperazines. IX. Action of Absolute Nitric Acid 
on 3 : 5-Diketo-l-ethylpiperazine. J. V. Dubsky and F. Blumee 
1^19, 52, [.B], 221 225). — When methyl iminodiacetate is 
distilled, the residue apparently contains a condensation product, 
namely, methyl 2 : ^-diketopiperazine-l : A.-diacetate, 


in. p. 96—97°. The purified distillate (A,, 1918, i, 188) is 
ethylated by means of ethyl sulphate, and the methyl ethylimino- 
diautatey b. p. Ill — 113®/ 8 mm., is converted into ethylimino- 
imeinmidey NEt(CH 2 *CO*NH 2 ) 2 j by means of alcoholic ammonia. 
This has m. p. 137 — 140°, forms a hydrocUoridey m. p. 206 — 208®, 
and a nitraUy m. p. 172®, and when heated at 250®/ 10 mm. gives 

a sublimate of ^'.^-diketoA-ethylpiperaziney 

Crig'CO ’ 

m. p. 74°. This yields a hydrochloride ^ small leaflets, and a 
N/Vrrtfe, m. p. 145—148®, which dissolves in pure nitric acid to 
form a comyoundy C^H^OaN, decomp. about 98®. J, C. W. 


Diketopiperazines. X. J. V. Dtjbsky [with Sr. Izdebska^ 
Domanska, M. Spbitzmann, W. D. van Lier-Wensink, and Ch 
Gmmcher] (Ber,y 1919, 52, [5], 225— 234).— An account of the 
preparation of some diketopiperazines and their behaviour towards 
citric acid. 

^‘‘O-Diketo-l-phenylpiperazine. — ^This compound has been made 
in three ways: (a) by heating equal quantities of aniline and 
Mloroacetamide at 120®, whereby the temperature suddenly rises 
w210® and then sinks again (Bischoff, A., 1889, i, 1015); (6) by 
eating phenyliminodiacetamide in a vacuum— sublimation 

apparatus (Bischoff, A., 1898, i, 10); (c) the best way, by heat- 
!?* ^ogether chloroacetamide and anilinoacetamide at 100 — 170®, 
e latter compound being prepared by heating aniline, chloro- 
aceta^ide, and fused sodium acetate at 120—140®. When dis- 
in ice-cold, absolute nitric acid, the piperazine forms a 
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Off ♦PO 

yellow (imitfo-derivative, C(H 3 (N 02 ) 2 'N<yjj 2 .^jQ>NH, decomp 

105°. * 

Z:^~Diktto-\\i-dijplimyl])i'perazine.~\Ta[i'n.^ and phenylimijiQ. 
diacetic acid are condensed to the mono-anilide (Hausdbrfer, A. 
1889, 1013), and this is heated with benzene and acetic anhydride 
at 150 — 160°. The 3 ; 5-diketo-l : 4-diphenylpiperazine (iftiti.) yieJdg 
a mixture of di- and tri-nitro -derivatives with pure nitric acid. 

3 glistening scales, m. p. 190 — 192^ 
from ^toluidine and chloroacetamide, forms a yellow dinitra. 
compound, m. p. about 110 ° (decomp.). 

2 :5-Diketopiperazine-l i4-diacetic acid, 

decomp. 280 — 290°, is not affected by solution in pure nitric acid. 

2 : 5 -Diketo-l -phenyl piperazine, pearly leaflets, m. p. 245'^ 
obtained by the action of ammonia on chloroacetylpheuyl glycine 
(Leuchs and Manasse, A., 1907, i, 770), yields a sulphur-yellow 

n? fro -compound, N 02 *CgH 4 'N<CQ^^Q^^NH, m. p. 247 — 252°. 

Some attempts to prepare 3 : 5-diketo-2-phenylpiperazme are 
described. In the most successful scheme, glycine ester hydro 
chloride, benzaldehyde, potassium cyanide, ether, and water were 
shaken together, and the resulting ester, 

COoEt-CHo-NH-CHPh-COoEt 

(Staduikoff, A., 1909, i, 106), was left with methyl-alcoholic 
ammonia at 0 °, whereby a-phenyliniinodiacctaniide. 

NH 2 ’CO‘CHo-NH*CHPh‘CO-NH., 
m. p. 152 — 153°, was formed. This did not, however, yield the 
expected piperazine on sublimation. J. C. W. 

Mercury Mercaptide Nitrites and their Reaction with the 
Alkyl Iodides. V. Chain Compounds of Sulphur {coniinudy 

Sir Prafulla Chandra R.Iy and Phafulla Chandra Guha (T., 
1919, 115, 541—548). 

Condensation Products of o-Phthalaldehyde. IV. Con- 
densation of 0 Phthalaldehyde with Dimethylaniline. Ersst 
Weitz ( Anncden ^ 1919, 418, 1 — 28. Compare Thiele and Weitz,' 
A., 1910, i, 854). — This condensation follows very different courses 
according to the experimental conditions. When o-phthalaldehyde, 
dimethylaniline (more than 6 mols.), and anhydrous zinc chloride 
are heated together at 120—130° for two hours, the chief product 
is a stth stance, C 4 QH 45 N 4 , almost colourless, crystalline powder, 
ra. p. 245°, which can only be the leuco-hase of o-phthalaldehyde- 
green, CfiH 4 (CH[C 6 H 4 *NMe 2 ] 2 ) 2 . When o-phthalaldehyde, di- 
methylaniline (2 mols.), and anhydrous zinc chloride are heateu 
together at 100 — 110 ° for one hour, the chief product is a suo- 
stance, C 24 H. 26 ON 2 , crystals, brownish -red when massive, almost 
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colourless when powdered or in solution, m. p. 143 — 144®, which 
is converted into the preceding leuco-base by further heating with 
dimethylaniline and zinc chloride, reacts additively with acetic 
anhydride (1 mol.) in the presence of a few drops of sulphuric 
acid to form the diacetate, m, p. 117—118°, and is 

therefore regarded as o-cddidiyMtacomalacMie-grttn, 
CHO-CeH4*CH(CcH4-NM^)2. 

By oxidation, both Ze?ico-hases yield dyes which are almost olive- 


green. 

When O'phthalaldehyde and dimethyl aniline are condensed by 
heating with concentrated hydrochloric acid on the water-bath, 
the product is a substance, 02411^902^^, garnet-red leaflets, m. p. 
163®, which behaves as a weak base ['picrate, brown crystals, m, p. 
170°, decomp. from about 150°). The substance reacts additively 
with 1 mol. of, acetic anhydride (and sulphuric acid), forming a 
diacetate, C28Hg,r,05N, red prisms, m. p. 172°, yields a miro-deriv- 
ative, C24Hig04N2, crystals, m. p. 183°, by treatment with 
aqueous sodium nitrite in 25% sulphuric acid solution, absorbs 
1 mol. of hydrogen in acetone or 70% alcoholic solution by treat- 
ment by the Paal-Skita method, and 1 mol. of bromine in glacial 
acetic acid solution (in neither case could a well-defined* additive 
product be isolated), and yields benzil-2 : 2'-dicarboxylic acid by 
oxidation with boiling alkaline permanganate solution. By oxida- 
tion in alcoholic solution at the ordinary temperature with 6% 
hydrogen peroxide solution and 2iV-sodium hydroxide, the base 
yields 2-p-dimethylaminobenzoylbenzoic acid, p-dimethylamino- 
])henylphthalide, and a lactone, C.74Hig03N, yellow crystals, m. p. 
163°. 


On the evidence of the preceding reactions, the red base, 
C.,4FiflOoN, might be dimethylamino-o-aldehydobenzylidene- 

aiithrone, CHO-Cf,H,'CH:C<p«^' or 2-o-aldehyda- 
^ ^ CHO’C H ”“C‘CO 

phenyl-3- ;^dimet•hylaminopheuylindoue, p.p tt ' 

however, lO-benzylideneanthrone and 2-dimethylamino-lO-benzyl- 
ideneanthrone (following abstract) respectively yield anthraquinone 
and 2-diinethylaminoanthraquinone by oxidation, whilst 2 : 3-di- 
phenylindone yields phenylphthaUde and o-benzoylhenzoic acid, 
there can be little doubt that the red base, C24H19O2N, is 
'l-c-aldehydoplienyl-2>~'^'ddmeihylam.inQph emjlindon c . C . S. 


Some Anthrone Derivatives. E. Weitz (An7ialeJi, 1919, 418, 
29 — 35). — 2-Dimethylaininoanthron6 is best obtained by heating 
2-p-dini ethyl amiuobenzy lb enzoic acid with 96% sulphuric acid for 
one hour at 65 — 70° (the higher limit must not he exceeded), pour- 
ing the cooled solution into water, and neutralising with sodium 
carbonate. When heated with henzaldehyde (1 mol.) in pyridine 
containing a few drops of piperidine in a sealed tube at 100°, or, 
less satisfactorily, with concentrated hydrochloric acid on the water- 
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bath, it yields 2-dimethylamino-l0~benzylideneanthrone, 

NMeg, 

red needles, m. p. The latter in alcoholic solution is oxidised 

to 2 -diinethylaminoanthraquinone by 5% hydrogen peroxide and 
2iV-8odium hydroxide. Benzylidenean throne under similar condi- 
tions of oxidation yields anthraquinone and a substance, C 21 H 14 O 9 , 
colourless crystals, m. p. 133°, which is possibly benzylidene- 

anthrone oxide, ^ 

3-Methyluric Acid. Heinrich Biltz and Myron Heyn (Bet,, 
1919, 52, [B^, 768 — 784). — It has been recently shown (Biltz and 
Heyn, A., 1917, i, 291) that 5-, a-, and ^-methyluric acids are in 
reality 3 -methyluric acid, a mixture of 3-methyluric acid with 
about 25% 9-methyluric acid and a mixture of 90% of the 3- with 
10% of the 9-isomerid6 respectively. The present communication 
contains further data in this connexion. 

Traube’s acid is shown to be 3-methyluric acid, and his process 
affords thi best means of preparing this substance. 

The action of chlorine on 3-methyluric acid has been further 
studied with larger quantities of material; when moisture is care- 
fully excluded, a crystalline 5(4)-chloro-3-methyb>ouric acid is 
obtained, which slowly decomposes above 150° and which is reduced 
by potassium iodide to 3 -methyluric acid. Like the amorphous 
preparation previously described, it is converted by methyl and 
ethyl alcohols into the corresponding glycol ethers, m, p.’s 207° 
(decomp.) and 203° (decomp.) respectively. Attempts to convert 
it into 5(4)-alkyloxy-3-methyh'souric acids or 3-methyluric glycol 
diethers were unsuccessful. It is converted by water into methyl- 
alloxan and carbamide, a reaction which is of interest, since it 
affords an explanation of the ready isolation of 5 -chi oro-9 -methyl - 
*/f-uric acid from crude a-methyluric acid, the 3-methyluric acid 
in these circumstances being transformed into products which are 
readily soluble. In complete absence of moisture, chlorination of 
the ''a ’’-acid proceeds differently, the 3-methvIuric acid being con- 
verted into chloro-3-methyh'souric acid, whilst 9-methyluric acid 
yields a product closely allied to the parent substance, probably 
either 4-chloro-9-methyl-A5=^-?>ouric acid or 9-methyluric acid 4:5- 
dichloride. 

Attempts are described to isolate 3-methyl- and 9 -methyl-uric 
acids from “a-methyluric acid” by means of the chloropurines. 
The action of phosphoryl chloride appears to follow a similar course 
with each isomeride, and separation was not found possible by 
conversion into chloropurines and regeneration of the acids from 
these by means of hydrochloric acid. The chloropurines, however, 
could be separated by means of their barium salts. From the more 
sparingly soluble, 8 -chloro- 3 -methylxanthine, decomposing at 344°, 
wajs obtained, whilst the more soluble salt yielded 2 : G-dichloro-S- 
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hydroxy-9-methylpurine, decomposing at 275 — 276'^. The latter is 
quantitatively converted hy hydrochloric acid into 9-inethyluric 
acid, but the corresponding yield of 3-inethyluric acid is poor. The 
process affords further evidence of the nature of “ a-methylaric” 
acid, but is without quantitative or preparative significance. 

The solubility of derivatives of uric acid in boiling water is fre- 
quently described as a means of identification or differentiation. 
For this purpose, highly accurate values are not required provided 
that all determinations are performed in a uniform manner. The 
authors recommend the gradual addition of weighed amounts of 
finely powdered material to a known volume of water, which is 
kept gently boiling ; the saturation point is regarded as attained 
when a permanent uniform turbidity appears through the whole 
solution. H. W. 

a-, and SMethyluric Acids. TIeixrich Bti.tz and Myeox 
Heyn (Ber., 1919, 52, [5], 784 — 804). — The three “isomeric” 
3-methyluric acids have been recently examined by Biilmann and 
Bjerrum (A., 1917, i, 177), who have been led to conclusions differ- 
ing somewhat considerably from those of Biltz and ^eyn (A., 
1917, i, 291) ; the authors have therefore re-examined these acids 
and repeated much of the work of the Danish chemists. The chief 
results may be summarised as follows. 

^-Methyluric acid differs from 3-methyluric acid. It is not a 
definite chemical compound, but consists rather of mixed crystals 
of 3-methyluric acid monohydrate and (about 5%) 9-methyluric acid 
monohydrate. In its properties it closely resembles 3-methyluric 
acid, but is slightly more soluble in water and rather more easily 
attacked by phosphoryl chloride. 

a-Methyluric acid is also a mixture of 3- and 9-methyluric acids 
containing about 30 — 35% of the latter (that is, rather more than 
had been previously found). In no case is an equimolar compound 
formed. A crystallisation compound, possibly formed from two 
molecules of the 3 -methyl acid and one molecule of the 9 -methyl 
acid, together with two molecules of water of crystallisation, 
appears to be formed in small amount. This view is supported 
by the observation that a-methyluric acid , when crystallised by the 
method of Biilmann and Bjerrum or by the authors’ process, 
separates in large, shining platelets, which, when further crystal- 
lised, appear to be perfectly uniform. On the other hand, how- 
ever, the relative proportion of the two isomerides seems to vary 
somewhat, and the water content is scarcely sufficiently constant 
for a definite chemical compound; in addition, the results of 
thermo-analytical investigation, which must be received with 
caution, are opposed to tbe idea of a compound. It is not at 
present possible to decide definitely between the two possibilities, 
mixed crystals or compound, but the authors incline to the former. 
The increase in solubility due to admixture, and observed in 
some instances with a-methyluric acid, as compared with 3- and 
9-methyIuric acids, is interesting. Similar cases appear to have 
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been seldom investigated; The increased solubility of salicylic 
acid in the presence of dextrose, ethyl alcohol, and f«obutyl alcohol 
has, however, been examined by Hoffmann and Langbeck (A., 1905, 
ii, 374), whilst Stbnner, Grimm, and Laage (A., 1917, i, 647) have 
observed that stereoisomeric j8-alkyl cinnamic acids yield difficultly 
separable mixtures of lower solubility. H. W. 

Substances which Inhibit the Coagulation of Proteins by 
Heat. G. Munaretto {Arch. Pham, sperim., 1912, 460—468, 
469 -479; from Bied. Zenir.^ 1919, 48 , 128). — Porm aldehyde and 
sulphurous acid are the most active inhibiting agents. Other 
reducing agents, arsenious acid, hydrogen sulphide, and sodium 
nitrite, are inactive. The addition of sulphurous acid or fornr 
aldehyde raises the viscosity of protein solutions. Ox serum 
becomes gelatinous on contact with sulphurous acid at the ordinary 
temperature. These effects suggest that a process of denaturisation 
occurs. J. C. 1), 

Action of Acid and Alkali on Gluten, h . J, Henderson, 
Edwin J. Cohn, P. H. Cathcart, J. H. Wachman, and W. 0. 
Fenn {J, Gtii. PhyM., 1919, 1 , 459—472). — Measurements of the 
hydrogen-ion concentration of solutions which had been in contact 
with powdered gluten show that the hydrogen-ion concentration 
in such systems is determined by the ratio of gluten to acid or 
base. The conclusion is reached that in systems containing gluten 
and acids or bases, the formation of salts, in accordance with the 
requirements of the mass law, is the fundamental phenomenon. 
Measurements were also made of the swelling and viscosity of the 
gluten component of such systems. The results indicate that simple 
chemical phenomena are most important in these systems, and that 
modifications of these, resulting from colloidal and heterogeneous 
characteristics, are of secondary importance in determining (he 
condition of equilibrium, although somewhat more significant in the 
progress of the system toward the condition of equilibrium. 

Steric Hindrance of Methyl Groups in the Nucleus. 

Wolfgang Heubner {Biochem. 1919, 93 , 395 — 396).-- 

Certain aniline derivatives induce blood changes, with the form- 
ation of methaemoglobin, when administered to animals. This 
toxic action may be greatly reduced by the introduction of two 
methyl groups in the ortho-ortho- or the ortho-para-positions to 
the nitrogen group (compare A., 1913, i, 786). It is considered 
that the steric hindrance of the methyl groups prevents oxidation 
of the nitrogen group, which the author holds is necessary before 
methgemoglobin can be formed. J- C, D. 

Adenine Mononucleotide. Walter Tones and R. P. Kennedy 
(/. Pharmacol. Exp. Ther., 1918, 12 , 253). — A 'crystalline 
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product, CioHj 407 N 5 P,H 20 , has been prepared from yeast-nucleic 
acid. 11^ is soluble in hot water, but very slightly so in cold. It 
gives the colour reactions for pentose and forms a brucine salt 
ffith two equivalents of brucine. Hydrolysis with dilute sulphuric 
acid yields adenine, but no guanine. Its entire phosphoric acid 
is readily split, so that it contains neither a cytosine nor a uracil 
(rroup It is apparently represented by the formula 
^ P0(0HV0-C5H303-C,H4N5. 

J. C. D. 

Amphoteric Colloids. II. Volumetric Analysis of Ion- 
protein Compounds ; the Significance of the Isoelectric 
point for the Purification of Aonphoteric Colloids. Jacques 
boEB (</• Gen. Physiol., 1918, 1, 237 — 254). — At the isoelectric 
point, -d‘7, gelatin is practically not dissociated at all. By 
volumetric analysis, it has b^n shown that on the alkaline side of 
the isoelectric point gelatin can combine with cations only, whilst 
oil the acid side it can combine with anions only. At the isoelectric 
point, gelatin (and probably amphoteric colloids generally) must 
aive off any ion with which they are combined. The simplest 
method for obtaining these colloids approximately free from 
inorganic impurities would therefore seem to consist in bringing 
their hydrogen -ion concentration to that characteristic of their 
isoelectric point. When gelatin is in combination with univalent 
ions (Ag, Br, CNS), the curve representing the amount of ion - 
pflatin present is approximatelv parallel to the curves for swell- 
ing, osmotic pressure, and viscosity. This proves that the influence 
ot the ions on these properties is determined by the chemical or 
sioicheiometrical, and not by the ‘'colloidal,” properties. The 
^harp drop of these curves at the isoelectric point finds it« explana- 
tion in the equal drop of the water-solubility of pure gelatin. Tt 
is not vet possible to state whether this is merely due to a lack of 
iDiiisation of gelatin or to the formation of a tautomeric or poly- 
meric compound. A slight change in the hydrogen-ion concentra- 
tion increases the water-solubility of gelatin near the isoelectric 
point. This is not produced by treatment with any other kind of 
univalent or multivalent ion, and it is considered that this is in 
Harmony with a chemical conception of proteins rather than with 
tile adsorption theory of colloids. J. C. D. 

Amphoteric Colloids. III. Chemical Basis of the 
Influence of Acid on the Physical Properties of Gelatin. 

Jacques Loeb (/. Gen. Physiol, 1919, 1, 363—385. Compare 
preceding abstract). — The influence of hydrobromio acid on the 
physical properties of gelatin has a purely chemical or stoicheio- 
metrical basis. Gelatin is an amphoteric colloid which is sparingly 
soluble in water at its isoelectric point, whilst transformation into 
9- salt with a univalent ion makes it soluble. Hence the curves 
representing the changes in osmotic pressure, viscosity, and swell- 
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uag of gelatin are approximately parallel to those representing 
the amount of bromine bound by the gelatin. 

Titration with sodium hydroxide of gelatin, previously treated 
with hydrobromio aci^f, and therefore being on the acid side of it? 
isoelectric point, results in the neutralisation of the pure gelatir 
(NaOH isoelectric) with sodium hydro^de, and besides in tb 
neutralisation of the hydrobromic acid in combination with thi 
gelatin. 

AxxipliotGric Colloids. IV. The Influence of the Valenci 
of Cations on the Physical Properties of Gelatin. Jacque 
Loeb (/. Gen. Physiol., 1919, 1, 483—504. Compare precedbj 
abstracts). — The amount of equivalents of metal in comhinatio] 
with 1 gram of a 1% gelatin solution previously treated with ai 
alkali can be ascertained when the excess of alkali is washed awa 
and the hydrogen-ion concentration determined, l^he results c 
experiments with lithium, sodium, potassium, ammonium, calciuir 
and barium hydroxides show that twice as many univalent ions a 
bivalent cations combine with the same mass of gelatin. 

The curves representing the influence of lithium, sodiun 
potassium, and ammonium on the osmotic pressure (and the otht 
physical properties) of gelatin are identical, using 'p^ as abscissE 
This contradicts the statements current in colloid chemistry, accort 
ing to which these four cations have a different effect. The curv* 
for calcium and barium gelatinates are also identical, but diffi 
from those for the univalent metals examined. The ratio of tl 
maximal osmotic pressures of the two groups is 1:3. This mea^ 
• that in a 1% solution of a metal gelatinate there are approxii 
ately three times as many particles in solution or suspension wb 
the meUl is univalent as when it is bivalent. 

The curves representing the conductivities of the same gelat 
solutions are almost identical (for the same 

The curves for the viscosity and swelling of barium or calciiJ 
and sodium gelatinate are approximately parallel to those i 
osmotic pressure. The practical identity of the conductivities 
metal gelatinates with univalent and bivalent metals excludes t 
possibility that the differences observed in the osmotic pressu 
viscosity, and swelling are determined by differences in degree 
ionisation. If it is assumed that compounds of the type Ca(gelati 
exist, the two anions of which can form one aggregate 
two gelatin anions, and that such aggregaj^s can form larger m 
gates of four, six, and eight gelatin anions, every one o w 
keeps its original charge, it would be possible to account ^or^ 
phenomena observed. 
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Physiological Chemistry. 


Bioelements : The Chemical Elements of Living Matter. 

luGO. W. D- Hackh (J . Gen. Physiol. ^ 1919, 1, 429 — 433). — The 
distribution of the elements which enter into the composition of 
iViue matter is considered with reference to a new periodic classifi- 
cation (Hackh, A., 1918, ii, 306, 396). J. C. D. 

An Indicator Method o! Measuring the Consumption of 

Oyygen. J* OsTERHOUT {J. Gen. Physiol, 1918, 1, 

lg7— 169). — The blood of Limulus when shaken with air absorbs 
oxygen and turns blue. In the presence of certain organisms 
which consume oxygen, it is quickly decolorised. A method is 
described for oneasuring the time required for the colour change, 
horn which the rate of consumption of oxygen may be determined. 

J. C. D. 

Chemical Studies in Physiology and Pathology. VI. The 
liochemistry of Oxidation {Cell Respiration ; Oxidising 
Inzymes ; The Theory of Narcosis), E. Herzfeld and R. 
Linger (^Biochem. Zeitsch., 1919, 93, 324 — 352),-— The atoms of 
he oxygen molecule can be activated by the formation of certain 
noleciilar compounds. In aqueous solution, oxygen may form a 

H 

: 0 Tn pound represented by the formula 0---0 - 0<,jj . 

[his linking expresses the activity of the complex II4O4. In this 
aanner, complexes can be formed with water or metals in the 
'arm of peroxides. Oxygen bound in this manner can oxidise to 
'arbon dioxide and water many organic substances, such as the 
iower fatty acids or their salts, without assistance. 

The oxidative processes of the body are concerned with the 
D.'ddation of simple degradation products derived from the com- 
plex proteins, fats, and polysaccharides, and for this purpose the 
presence of oxygen in the activated form is sufficient. The assump- 
tion of the existence of special oxidising enzymes is superfluous. 
The relationship of these processes to narcosis and respiration is 
discussed. J. C. D. 

The Presence of Calcium in the Red Blood Corpuscles 
ol Ox and Man. David Murray Cowie and Henrietta A. 
Calhoun (/. Biol. Cheni., 1919, 37, 505—509).— The red blood 
rorpuscles contain calcium, hut in a somewhat smaller concentra- 
tion than the serum (compare Marriott and HowlaUd, A., 1918, 
ii. 21). J. C. D. 

Simultaneous Oxidation of Blood and of Dextrose. 

Fosse {Compt. rend., 1919, 168, 908—910. Compare A., 1912, 
h under suitable conditions, the proteins of blood and 
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dextrose are oxidised simultaneously, there is marked forniatiou 
of carbamide. The yield of carbamide, formed by the oxidation 
of blood to which dextrose has been added, increases, within certain 
limits, with the proportion of dextrose and oxygen consumed. 
Under suitable conditions, the amount of carbamide formed may 
reach to 40 grams per litre of blood, W. G. 


The Nutritive Value of the Wheat Kernel and its Milling 
Products. Thomas B. Osborne and Laf.ayette B. Mendeu [^ith 
the co-operation of Edna L. Berry and Alfred^ J. Wakeman] 
(J. Biol. Chem., 1919, 37, 557— 601).— The proteins of the entire 
wheat kernel are not greatly inferior for maintenance to 
easeiiiof^en, edestin, or even to the total proteins of milk, hut they 
are somewhat superior to gliadin. The wheat proteins considered 
in their entirety are sufficient for the growth of rats if consumed 
in sufficient amount. The quantity required is, however, relatively 
large when comparisons with proteins such as caseinogen are made, 
The crude protein ” of commercial wheat embryo meal is more 
efficient for maintenance than that of the entire kernel or of the 
endosperm, and it is much more efficient for growth than endospern' 
protein. The protein of commercial wheat bran may be well 
utilised (70—75%) by the rat, and if eaten in sufficient amornit 
may be considered somewhat superior to that of commercial embr)'o 
and decidedly superior to that of endosperm in promoting growth. 
The proteins of the endosperm are adequate for maintenance, 
but inadequate for growth. Additions of meat, milk, and eggs to 
wheat flour greatly enhance the value of the proteins of the latter 

foodstuff for growth. ^ 

Commercial wheat embryo is rich in the water-soluble vitanie. 
but the pure isolated embrvos do not appear to contain it. 
Evidence is given which indicates that the accessory factor n 
localised in the endosperm, although it is not uniformly distributed 
throughout it. No confirmation of the existen^ of a toxic sub- 
stance in wheat has been obtained (compare Hart, Miller, and 


McCollum, A., 1916, i, 531). v u n j f 

The question of the degree to which wheat should be milled foi 
^reneral purposes is fully discussed, and the conclusion is reached 
that, except in special cases, little can he gained by mclu mg e 
bran and embryo in the flour when this is used undei ^ 
conditions prevailing in the United States. d. . 


The Origin of Formic Acid in the Organism. E. Salko^sri 
(ZciUch. Xm. Chem., 1919. 104, , 161-174),-Oxidat.onj. 
glycerol with potassium permanganate in acid solution m J J 
as much as 24% of formaldehyde An 
formic acid was observed to follow the administration o g y 
It apparently arises by the intermediate 
aldehyde. Glycerophosphonc acid, choline, and 1®“*“ j 
formaldehyde when oxidised by potassium ^ acid 

solution. There is no reason to suppose that the lorniv 
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excreted in the urine originates from one source. No doubt 
carbohydrates, glycerol, and lecithin aU contribute a certain 
amount. 3% Hydrogen peroxide will oxidise lecithin , choline, and 
(rWcerophosphoric acid, with the formation of formaldehyde. 

J. C. D. 

Biolumiaescence. VII. Reversibility of the Photogenic 
Reaction in Cypridina. E. Nkwton Harvey (/. Gen. Physiol, 
1918, 1, 133 — 145). — The author has previously described two 
jihotogenic substances from the ostracod crustacean Cypridina 
]}(lqe?idorfii, photogenin, which is destroyed by boiling and is non- 
(lialysable, and photophelein, which is stable to boiling and may 
be dialysed (A., 1917, i, 365), It is now suggested that photo- 
phelein is a mixture of two substances, one of which is an oxidisahle 
substance similar to luciferin from Pholas dacfylus (Dubois, A.. 
1897. ii, 112). Photogenin is now termed Indf erase. The term 
photophelein is retained for a substance present in the extracts 
which acts by setting free bound or adsorbed luciferin. The 
action of this substance may be imitated by sodium chloride crystals 
or saponin. Luciferin is oxidised to oxylndferi)r^ and it is not 
believed that the change involves a fundamental destruction of 
the molecule, as it is a reversible process. The change is not 
analogous to that of hsemoglobiii. for it cannot be reversed by 
reducing the partial pressure of the oxygen. It resembles more 
closely the oxidation of methylene-blue. The conception of Dubois 
that luciferin is formed from a precursor proluciferin by the agency 
of an enzyme coliieif erase is held to he incorrect, and the correct 
explanation is believed to be that oxyluciferin may he reduced to 
luciferin by a reducing enzyme. Oxyluciferin will pass through 
a porcelain filter and is dialysable. Imciferin does not exhibit 
reducing properties similar to those of dextrose. J. C. D. 

Bioluminescence. IX. Chemical Nature of Cypridina 
Luciferin and Cypridina Luciferase. E. Newton Harvey 
(.7. Gen. Physiol., 1919, 1, 269 — 293). — Of a large number of 
enzymes investigated, only those possessing a proteolytic activity 
had any digestive effect on lucif erase, whilst none had any action 
oil luciferin. A study was made of the ''salting out’’ of luciferin 
and luciferase, as well as of their solubilities in various solvents, 
and their behaviour when treated with certain precipitants. Both 
substances are somewhat readily adsorbed by bone-black, kaolin, 
and colloidal ferric hydroxide. Consideration of the results 
obtained in this investigation leads to the opinion that luciferin 
is a protein on the border-line between the proteoses and peptones, 
whilst luciferase is regarded as being a more complicated protein, 
’but not a globulin. . T, C. D. 

Pharmacology of the Ureter. VI. Action of some 
Optical Isomerides. David I. Maciit (I. Pharmacol and Exp. 
T'her., 1918, 12, 255 — 263). - -7-Hyoscamine and /-hyoscine stimulate 
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the contractions of the ureter, whereas i^^hyoscamine and rf-hyoacine 
have an inhibitory action. The action of atropine appears to he 
a summation of the action of the two optically active varieties. 
Inactive or racemic scopolamine shows an inhibitory action, which 
is ascribed to the preponderating effect of the ^^^poneIlt. 
Z-Adrenaline is much more active in stimulating ureteral contrac- 
tions and raising the tone of the ureters than the raceme variety, 
^^-Adrenaline was not examined. ^-Camphor produced a marked 
stimulation, hut 6^-camphor was apparently inactive. The effect 
of the racemic form is represented hy the arithmetical mean of the 
two components. 


Isomerism and Angesthetic Action. J. Morgeneoth {Ber. 
Deut. pharm, Ges., 1919, 29 , 2 3 3-2 50). -Comparison of the 
ansesthetic action of eucupine ({soamylhydrocupreine) (hhydrcK 
chloride and woarayk/iohydroquinidine dihydrochloride shows a 

quantitative difference between the activity of the stereoisomerides, 
the former being about twice as potent as the latter. Experiments 
with eucupine dihydrochioride and eucupinotoxm hydrochlonde at 
different concentrations prove both structural isomerides to have 
ansesthetic action. The latter does not appear to depend on the 
intact quinuclidine nucleus, since a pronounced increase in 
ansesthetising action is coincident with rupture of the carbon- 
nitrogen bond. The corresponding toxin is far more potent than 
eucupine, and forms the most powerful anaesthetic known (forty 
to fifty times stronger than cocaine). It has the power of pro- 
ducing prolonged anaesthesia. , ^ 

The author is led to the conclusion that the chemotherapeutic 
action towards trypanosomes, the ^ disinfecting action • towards 
different bacteria, and the anaesthetic action are common to the 
quinotoxins and to the original alkaloids, and that comparatively 
all three functions are exerted to a greater degree by 
The difference in activity of ethylhydrocupreine and ethylhydro- 
cupreinotoxin towards pneumococci appears to be an exception. 
Anaesthetic action does not appear to depend actually on space 
arrangement, since, as shown by the above experiments, the differ- 
ences are onlv quantitative. In one instance quoted in the litera- 
ture that of henzoyltropeine and benzoyl-i/'-tro peine a marked 
difference in an^sthetising action has been attributed to difference 
in spatial configuration; re-examination of these substances has 
failed to disclose any difference in their activity. -tl. 

Secondary Action of Arsenic and SalicyUc Acid Prepara* 
tions on the Normal Stomach. Bruno Leichtentritt (Zeitsc u 
physiol. Chem., 1919, 104 . 154 - 160 ).-According to Slogan 
(k 1912, ii, 965), sodium salicylate causes a decreased secretion 
of gastric juice. This was not confirmed for it was found tW 
aspirin, sodkm salicylate, and salol caused an 
results with Fowler’s solution (hq. potass, arsenic) ; 

confirmed. This preparation, as well as certa,m organic 
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preparations, such as elarson and arsacetin, increased the flow of 
gastric juice. A similar result was obtained by the adininistration 
fti preparations containing both iron and arsenic. J. C. D. 

A. New Instance of Oxidation in the Animal Body. 

j^akl Thomas and Herbert Schotte {Zeitsch. physiol, Chem.i 
1919, 104 , 140 — 153). — Oral administration of ^?-toluenesulphonyl- 
sarcosine to rabbits results in 80 % being excreted in the urine un- 
changed ; 4% is oxidised to the bibasic acid, 

COgH-CeHA-SOo-NMe-CHg'COgH. 

81/0 of benzenesulphonylsarcosine administered in the same 
manner was recovered from the urine. 

^-Benzenesidphon^l-e -met hi/lamino h exoic acid, 
C6H5*802*NMe*[CHj5-C02H, 

prepared from e-methyl-leucine, crystallises from methyl formate 
and light petroleum in slender, white needles, m. p, 57®. When 
administered to rabbits, 44% was recovered from the urine as 
y-benzenesulphonylmethylaminobutyric acid, oxidation having 
occurred at the j^arbon atom. 

Benzenesulphonylaminobutyric acid, CgH5'S02*NH*[CHj3'C02H, 
las m. p. 91 — 92*^. When methylated with methyl sulphate, it 
,'ields henzenesulphonylmethylaminohutyric acid, m. p. 84—87®. 
this substance was recovered unchanged from the urine after 
idministration to rabbits.' J, C. D. 

Detoxication of Inhaled Hydrogen Cyanide by Sodium 
Thiosulphate. E. Teichmann and W. Nagel {Biochemi. Zeitsch., 
1919, 93 , 312 — 323) .—The observation of Lang {Arch. exp. Path. 
Pham., 1895, 36 , 75) that sodium thiosulphate can protect 
animals against the toxic effects of hydrogen cyanide is con- 
firmed. The salt is efficient as an antidote when the poison is 
inhaled by animals. It will be necessary to establish that sodium 
thiosulphate is not toxic for man before the therapeutic application 
can be made. J. C. D. 


Chemistry of Vegetable Physiology and Agriculture. 


Influence of Difierent Agents on the Saccharifying and 
Fermenting Powers of Mucor Boulard. Bettingeb and 
Delavale {BuU. Assoc, Chim. Suer., 1918, 35 , 114 — 129). — In 
experiments on the cultivation of Mucor Bcnilard on sugared 
ftxtract of malt combs, the development of acid was found to be 
ui direct proportion within limits to the access of air and the sugar 
content. Comparatively low temperatures gave the highest results. 
Succinic acid is the only non-volatile acid formed, whilst acetic 
acid mainly constitutes the volatile acidity. Nitrogenous matter 
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at first retards, but later accelerates, saccharification, iJepto.ie ai.u 
1 parlriue uiv ug the best results, whereas aiumouium sulphate 
Z a ?omP«atively slight eHcct in this direction, Caleiun. autl 
has to a less degree aniraoiiiiim phosphate. 

rSat^Ktatioii, but sodiuni^ihosphate P^auces IHtle 

or no result. 

The Sensitiveness oi Living Yeast to H’ and OH' Concen- 
triion H VON Euler and E. Kmbero (Zetiscli. Biol, 1919, 69, 
34^4) -Fermentation by the living cell is not effected soWy 
W zviuase but is hound up to a large extent with the ife of the 

Lwsr f™,, ih. 

by the living y • oi^ted enzyme. It is therefore possible to 

influence of o.g on the characteristic 

concentrations (pa =tiidied The inverting action was 

S-ffeStd'a^pitrhle iu the rate of growth 

composition of the cells were noted. 

Changed Course of 

Medium^ Alice elsn^^ < authors have failed to confirm 
Chevi.y 1919, iU , } iqi7 i GSO') that the course of the 

Tv m?': fits tottniolTalthyde IS produced when the 

itn is conducted in an alkaline medium is coiifimied^^ ^ ^ 

TheTeinperatoe^oefficientof Photosynto^^^^ V. 

S^The^ 

riijida between ll and -I is » 

synthesis involves catenary reactions of the type - 

Jhich S represents a substance which of 

breaks down to form M ; this m If the reaction 

is proportional to S the speed of the reaction as a 

1/ is more rapid than M—^1, tue sp^a oi l 
whole will depend chiefly on the speed of the 

The effect on the whole reaction of a rise of tempera 
therefore depend chiefly on its effect ^““ftu,e-coeffici«‘ 

,s therefore not surprising to find f .“'"^".hemistrv. 
for photosynthesis. Analogous cases exist in p ^ p P 
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permeability in Plants. W. J. V. Osterhout {J. Gen. 
ojiysiol.) 1919, 1 , 299—304). — Certain conclusions concerning the 
)ebaviour of protoplasm drawn from the results of experiments on 
Ifiminann Agardhii (compare A., 1918, i, 470) have been con- 
'irmed by experiments with a red alga iRliodymcnia 'palmata)y a 
rrreen alga {Viva Ttgida)^ and a llowering plant (Zostera manna). 

’ J. C. D. 

Decrease of Permeability and Antagonistic Effects caused 
by Bile Salts. W, J. V, Osterhout (/. Gen. Physiol.^ 1919, 

Y 405—408). — The results of experiments on the electrical con- 
ductivity of Laminaria indicate that sodium taurocholate is able 
tt> produce a decrease in permeability and to antagonise sodium 
chloride. This confirms the hypothesis that antagonistic relations 
can be predicted from studies on the permeability of pure siib- 

vtances. J- D- 

A Comparison of Permeability in Plant and Animal 

Cells. W. J. V. OsTEBHOUT [J. Gen. Physiol, 1919, 1 , 409—413), — 
The author has made quantitative studies of the permeability of 
plant cells as represented by Laminaria , and animal cells as repre- 
i rented by the skin of frogs {Eana jnjtiens). Both tissues showed a 
closely similar behaviour, and this agreement indicates that the 
couclusions drawn from a study of Laminuria are of general 
application. It would appear that the physiological characteristics 
brought to light by these studies belong to the fimdainenta.1 
properties of protoplasm. • J. C. D. 

Efiect of certain Compounds of Barium and Strontium 
on the Growth of Plants, J. S. McHargue (/. Agric. Pes., 
1919, 16 , 183 — 194). — Barium or strontium carbonate in the 
absence of calcium carbonate is toxic to plants, the former having 
a greater toxicity than the latter, but in the presence of calcium 
carbonate they appear to exert a distinct stimulating influence 
on the growth of the plants studied. Barium sulphate is much 
iniore toxic than barium carbonate. Neither barium nor strontium 
can replace calcium as a plant food. The root growth is 
accelerated in all cases where barium or strontium carbonate is 
added to the sand in which the plants are growing. W. G. 

The Identification, Localisation, and Distribution of Oxalic 
Acid [Soluble Oxalates] in Plants. Noreert Patschovsky 
(JSer. Bent. hot. Ges., 1918, 36 , 542 — 548). — The usual method of 
detecting the presence of soluble oxalates in cell sap by means of 
potassium salts suffers under the disadvantages that the potassium 
oxalate crystals are not very characteristic, and that they are Liable 
to be completely obscured by co-precipitated tannins. The author 
finds ferrous sulphate or ferrous ammonium sulphate to be a more 
snitable reagent; the not too thin section is immersed on an object- 
in an acetic acid solution of the ferrous salt (10%), covered 
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with a slip, and gently warmed to eapel air; in the presence o( 
oxalates, ferrous oxalate separates after a time m crystals, the sue 
of which is about 15x9p. Larger crystals may be obtained by 
delaying the separation by addition of sodium acetate, sucrose, or 

localisation of oxalates is best effected by injecting a highly 
concentrated ferrous solution into the plant by means of an air 
pump; under these conditions, precipitation of ferrous oxalate 
occum within the cell, whilst with less concentrated solufaons the 
Palates diffuse through the cell wall, and precipitation takes place 

in the intercellular region. c n ■ 

The ferrous reagent has the further advantage of allowing a 

simultaneous detection of tannins. -u r ^ l 

The author has applied the method to a large number of plants; 
for details, the original paper must be consulted. M. W. 

Action oi Coal Gas on Plante. V. Action on Trees. 
Hytocyanic Acid as the most Deteiment^ ConsUW el 
Gas. V. Weumee (Ber. dent. iiot. Les., 19 8, 36, 460-46i. 
rSnnnre A 1917, i, 618; this vol., i, 114).-Continuing his 
rn^rnus experiments on the action of coal gas on the root systems 
of trees the author now finds that in many instancy in which the 
detrimental action is not immediately apparent, the effects are 
observed at the end of the period of winter r^t vrhen in almost 
eve?rinetence the tree is killed. The most detrimentel con- 
of coal gas is now proved to he hydrogen cyanide, the 
toS of g“s^!ter is shown to he exactly sirmlar to that of a 
hvdrocyanic^acid solution of equivalent concentraUon, and further, 
tL violent toxic action of coal gas is not obse^ed if the gas is 
nalTtLough a solution of alkali hydroxide and ferrous sulphate. 
Lesris extraordinarily sensitive to minute traces of hydmcpmc 
acid. 

A Purely Mineral Solution Capable the 

complete Evolution of Maize Cf ivated Sheltemd fr m 

Bacteria. P. Mazi {Ann Inst. Pasteur, 19 9, 33, . 

From a series of water-culture experiments, the author finds 

to nitroeen phosphorus, potassium, calcium, m g 

ment of maize. Organic Venefimal inSuence 

of the seed, although not ’ f f * T^lneral nutrient 

on the growth of the plant when added “e minmi^^ 

solution. It is advisable that the sho ^ agent 

ferric state in- the culture solution, “ Z cd we foluL 

should be present. Insufficient W. S. 

exerts an unfavourable influence on the vegetation. 
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Helation between Intensity of Tyndall Beam and Size 
particles. Richard C. Tolman, Koscoe H. Gerke, Adin P. 
Brooks, Albert G. Herman, Robert S. Mulliken, and Harry 
W. Smyth {J. Amer, Chem. Soc.^ 1919, 41, 575— 587).— The 
intensity of the Tyndall beam in rosin smokes has been inveati- 
.gated further by the method previously described (this vol., 
li 180). In the case of smoke, since the particles are not of 
uniform size, no attempt was made to measure the size of the 
particles, but the results show that for the range of particles 
— 10"* cm., the Tyndall-meter reading increases with increased 
dispersion. Suspensions of silica particles in water were prepared, 
and the intensity of the Tyndall beam in these suspensions investi- 
rated. The particles were of uniform size and varied in the 
difierent suspensions from 10 — 260 x 10"^ cm. The Tyndall-meter 
readings in the case of silica suspensions increase with decreasing 
diameter of the particles. The results show that the readings are 
dosely proportional to the reciprocal of the diameter of the 
particles. The relationships between the readings {T) and size of 
the particles are given by the equations T=^kn(P for very small 
particles and T—k^nd^ for large particles j d is the diameter of 
the particles, n the number of particles per c.c., and k and are 
c&nstants. When the total concentration of the suspensions is 
given by c; cx vuPj hence the equations may be written T—kcd^ 

J. F. S. 

Absorption by Troubled Media. Application to the 
Estimation of Suspensions. Charles Cheneveau and Ren^ 
Audubeht (Gompt. rend,, 1919, 168, 766 — 768). — The authors 
deduce the formula 1 — = where IJIq is the coefficient 

; of transmission of light of the fine suspension, M is the total mass 
of particles, and B and B are two constants dependent only on the 
nature of the particles in s.uspeusion and the wave-length of light 
used, The accuracy of this formula has been verified for certain 
hetwogeneous suspensions of mastic and for suspensions of silver 
chloride and barium sulphate. This thus provides a method of 
determining the amount of material in suspension providing there 
is Qo imm^iate sedimentation. W. G. 

Conductivity and Absorption of Sodium Vapour. Adolfo 
CAMPE m {Nuovo Cm., 1918, [vi], 16, ii, 115— 138).— The results 
of the author’s experiments show that, in un saturated sodium 
vapour kept in the dark and freed from electrons emitted from the 
si^rface of the fused metal, spontaneous ionisation in the volume 
the vapour occurs at high temperature j this ionisation becomes 
Cisarly manifest above 400^^ without marked dissymmetry as regards 
^ 01 . oxvi. ii. 8 
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the sign of the disperse charge. Such conductivity in the volume 
of the vapour is closely connected with the commencement of the 
absorption of the Z?-line, which under the above conditions jr 
observed only at about 430°, but then persists when the temper^] 
ture falls considerably. The cause of the appearance of absorp- 
tion at somewhat lower temperatures under the ordinary condi- 
tions of observation is clearly shown to be the presence of electron^ 
either given off from the surface of the molten metal or arising 
from the atoms of the metal in the state of vapour as a result of 
photo-electric action. It appears probable that the emitting or 
absorbing vibrators in sodium vapour are, for the D-line, ili^ 
positive atom ions. T. H. P, 

Spectrum of Neon, K. W. Meissner [Ann. Physik, 1919 
[iv], 58, 333 — 374).— The red and infra-red spectrum of neon has 
been investigated by the interferometric method of Fabry and 
Perot (Ann. Chim. Pkys., 1897, [vii], 12, 459), and also by means 
of a concave grating of 1 metre radius. Some seventy-five line- 
are recorded between the wave-lengths 705T314 and 9840'42 A.TJ. 
and in all cases the vacuum wave-length is calculated. The wave 
lengths of the present measurements, together with those of 
previous measurements of the other portions of the spectrum, are 
examined with the object of arranging them in series, and the 
relationships of the eight series groups calculated.. J. F, S. 

The Constitution of the Atom and the Properties of Band 
Spectra. H. Desuandres (Compi. rend., 1919, 168, 861— 8GS),- 1 
Vegard’s work (compare A., 1918, ii, 93, 94, 144) gives daU con- 
cerning the inner rings of electrons adjacent to the nucleus, aad 
the author considers that a study of band spectra may throw some 
light on the composition of the outer rings. The edges of the 
bands, which form the structure of the spectra, are given hv 
v^B{ii+^y^r2~C{p+yYI2-\-K, where B, C, K, |3, and y a/e 
constants, n and p being successive whole numbers. 

The three types of spectra, line, band, and X-ray, are due to 
the action, more or less strong, of ions and electrons which 
encounter the atom. If the electron which arrives is very rapid, it 
penetrates to the nucleus and disarranges the ring nearest to the 
nucleus, causing it to lose an electron. and giving rise to X-rays. 
If the electron is less rapid, only an outer ring is disarranged, and 
the line spectrum results. If, however, the velocity of the 
approaching electron is still less, the atom is only deformed and 
emits the band spectrum, W. G. 

The Verification of Bohr’s Atomic Theory of Optical 
Spectra by Investigations of the Non-elastic Collisions of 
Slow Electrons with Gas Molecules. J. Franck and G. Hertz 
(Pkysikal. Zeitsch., 1919, 20, 132—143. Compare ai 2 ^., A., 1914, 
ii, 515; 1916, ii, 461).-~Th6 principle that for the monatomic gases 
without affinity for electrons the electrons are reflected from the 
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atoiiis with perfect elasticity up to a critical velocity of collision, 
vhen they lose their total energy of translation and give rise to 
radiation, has been found to be in complete accord with Bohr's 
theory. The critical energy of the electron in the case of mercury 
vapour, derived from a potential difference of 4-9±0'l volt, is 
to hvj where h is the quantum and v the frequency corre- 
jponding with 2536 A. in the ultra-violet spectrum of mercury, 
phe absorption and emission lines can be excited by free electrons, 
which ^suffer a loss of energy of hv on collision. For normal, not 
excited, atoms, the change of the electron from one steady orbit 
to another corresponds with the absorption spectrum series. The 
limit of frequency of the series in the ultra-violet multiplied by 
the quantum h gives the work done in ionising the atom, and the 
limit may be calculated from the ionising potential and vice versa. 
The investigation of inelastic electronic collision and its attendant 
light emission gives a new means of analysing the lines of a 
spectrum into series and determining their relation. F, S. 

Explanation of the Rontgen Spectrum and the Constitu- 

iion of the Atom. L. Vegard {Physikal. Zeitsch., 1919, 20, 
97—104). — A theoretical paper in which the main results of 
■ previous publications are summarised (A., 1918, ii, 93, 94, 144). 
i generalised frequency formula is developed on the basis of the 
preceding work, and this is tested by comparison of curves pro- 
liiced from results calculated by this formula with the correspond- 
ing experimental curves. J. F. S. 

XRay Spectroscopy. The A-Absorption Spectrum of 

Radium. M. de Bkoglib (Cowp^. mw/., 1919, 168, 854—855).— 
The i -absorption band of radium has been obtained by passing a 
beam of X-rays through a glass capillary tube containing solid 
radium sulphate. The tube is fixed before the spectroscope slit. 
The wave-length A. = 0'659xl0“® cm. is found for this band, and 
calculations from this value lead to 88 as the atomic number of 
radium. J. F. g. 

Crystalline Structure of Alums and the Role of Water 
of Crystallisation. L, Vegard (Ann. Physik. 1919, [iv], 58, 
:291— 296). — Polemical against Schaefer and Schubert (A., 1916, 
ii) 505). The author shows that the measurements of Schaefer 
and Schubert do not prove that water of crystallisation occurs as 
a structural component in the grating system, and that the claim 
for priority made by these authors is unfounded. J. F. S. 

(^tical Investigation of the Constitution of some Oxygen 
Acids of Chlorine and Bromine and of their Esters and 

Salts. Konrad Schaefer and Willy K5hlee (Zeitsch, physikal 
1919, 93, 312— 324).— The absorption spectra of a number 
of the oxygen acids of the halogens, their est-ers, and salts have 
,oeen measured. In the case of hypochlorous acid, ethyl hypo- 

8—2 
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chlorite, and several metallic hypochlorites it is shown that the 
acid and ester have identical absorption spectra, but when the 
acid is completely neutralised by sodium hydroxide, the absorJ 
tion spectrum changes in the sense that a deep, well-defined, broad 
band appears. Incomplete neutralisation gives an absorption 
spectrum' which indicates both acid and salt. The Suthor puts 
forward the formula Cl’OH and ChOEt for the acid and est<>r 
a... _ CIV 


respectively, and 




+ Na* for the salt. ^Hypo- 


bromous acid and sodium, hypobroraite give absorption spectra 
similar to those of the corresponding chlorine compounds. Solu- 
tions of chlorine dioxide, chlorous acid, and several chlorites were 
also examined. Gaseous chlorine dioxide shows a broad baud and 
a large number of narrow bands, whilst on solution the hands are 
broadened and many run together, but in general the region of 
absorption remains the same. The maximum of absorption is at 
2900, and the minimum at the frequency 3800. These resulte 
indicate that there is little formation of chloric or chlorous add 
on solution. On neutralisation, the band disappears, so that the 
chlorites have a different constitution from the acid, the formulae 


O-Cl-OH and 01^!: 


"M being suggested in tbe two cases. Bromic 


acid, iodic acid, and their alkali salts were also investigated. The 
only difference observed in these cases was the shifting of the 
terminal absorption toward higher frequencies in the case of the 
bromine compounds. The measurements show that the constitu- 
tion of these acids is probably that of a true acid, as distinguished 
from a pseudo-acid. J. F. S. 


Use of Einstein’s Photochemical Eq[uivalent Law. 1. 

W. Nernst {Zeitsch. Mektrochent. , 1918, 24 , 335-336).-A 
theoretical paper in which the reason for the inapplicability of the 
Einstein photochemical law to the photosynthesis of hydrogen 
chloride is put forward. The primary action of light is th 
splitting of the chlorine molecule, this then reacts C1 + H 2 =HCI- 
H -1-25,000 cal., and the hydrogen atom thus produced reacts wit 
a chlorine molecule, H-i-Cl3=:HCl-i-Cl-i-19,000 cal. This explaii 
why so much more hydrogen chloride is produced than correspond 
with the requirement of the Einstein law. This also explains th 
negative catalytic effect of impurities on this reaction. Th 
chlorine and hydrogen atoms are very reactive substances, and cot 
sequently will be removed from the reaction system by their com 
bination with the impurities. This view is confirmed by th 
limited reaction when bromine vapour and hydrogen at 
illuminated, for, as the equation Br-i-HaL=HBr+H- 15,000 cal 
shows, hydrogen is not a suitable acceptor for bromine. ^ ^ 

Use of Einstein’s Photochemical Ecpiivalent Law. D 

T/Otte Pusch {Zeitsch. Elektrochem., 1918 , 24 , 336—339. Coir 
pare preceding abstract). — The reaction between bromine vapo« 
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ifld hydrogen in the presence of tduene, hexane, and heptane 
vfhea exposed to light has been investigated. The results confirm 
tte view put forward in the preceding paper that in the case of 
chlorine and hydrogen the primary reaction is strictly in accord* 
ance with the Einstein law, and that the secondary reactions 
account for the extremely large quantities of hydrogen chloride 
produced. J. E. S. 


The Possibility of Separating Isotopes. F. A. Lindemasn 
F. W. Aston (Phil Mag,, 1919, [vi], 37, 523— 534).— The 
possible methods of separating isotopes, distillation, to which, 
thermodynamicaily, chemical separation ia closely allied, diffusion, 
density, and poajtive rays, are discussed theoretically. The con- 
clusion is reached that separation by distillation and chemical 
methods ought to be possible under appropriate conditions, 
although the separation may be small. None of the possible 
physical methods holds out any prospect of effecting an easy separa- 
tion, centrifugal separation being the most promising. For neon 
and meta-neon, with a peripheral velocity of 10® cm. per second, 
it is calculated that the apparent atomic weight of the gas at the 
dge should be 1'0065 times that of the gas at the centre, and for 
thorio' and uranio-lead a nearly 50% increase in the concentration 
of the former at the edge might result. 

Experiments are desci’ibed on the fractionation of atmospheric 
neon by charcoal at liquid air temperature. After about 3000 
fractionations, in which the gas was divided into seven main frac- 
lions, the density as determined by the quartz micro-balance was 
unchanged. F. S. 

Protactinium and the Life Period of Actinium, Otto 
:Hahn and LrsB Meitnek (PhgAl Zeksch ., 1919, 20, 127—130. 
Compare ibid.. A,, 1918, ii, M5; Soddy and Cranston, A., 1918, 
ii, 211). — Evidence of the period of actinium obtained from the 
proportionate increase of the a-radiation of protactinium prepara- 
tions with time confirms the value obtained directly from the rate 
&f decay of the radiation of actinium preparations. From the 
known ranges of the six a-rays involved in the protactinium- 
idinium series, the ratio of the initial ionisation produced by a 
tliiii film of protactinium to that when the actinium and its pro- 
ducts are in equilibrium with the protactinium is calculated to be 
h574. From the proportionate •increase of a-radiation of five 
piftparations over periods from 400 to 600 days, a half-period of 
ictinium of twenty years is deduced. This indicates that in the 
wrbon tetrachloride sublimation of Soddy and Cranston less than 
1^ of the eka-tantalum (protactinium) in the mineral was 
separated. The value found from the decay curve of the radiation 
« actinium over seven years gives foi* the half-period of actinium 
twenty years (il0%). This corresponds with a period of average 
F'fMf 38-8 years. F. S. 
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Chemical Action produced by Radium Emanation, j, 
Combination of Hydrogen and Oxygen. S. C. Lind {J. 

Chem. Soc., 1919, 41, 531 — 551). — The velocity of combination of 
hydrogen and oxygen under the influence of radium emanatioc 
has been investigated. The experiments were effected in spherical 
and cylindrical bulbs of varying size by a method which is a slight 
modification of that of Cameron and Ramsay (T., 1908, 93 
966 — 992). It is shown that the velocity of reaction in a given 
volume is dependent on two variables only, the quantity of emana- 
tion, E, and the gas pressure, P. The velocity constant obtained 
by integration of the equation arising from this assumption las 
been verified. It has the form (log -1)= const. 

The effect of increasing the spherical volume is to diminish tie 
velocity constant (expressed in terms of pressure) according to tie 
equation 84' l/Zl^^ const., where 7) is the diameter in cm. Tlis 
is to be expected from the increase of the average path of tie 
a- particle proportional to D, whilst the pressure effect dhninisles 
proportionally to P®. The above formula is applicable only to 
globes ill which the size of the shortest a-ray is not exceeded ly 
the diameter. Varving proportions of hydrogen and oxygen 
change the velocity in the wav which is to be expected from tie 
change produced in the specific ionisations. Excess of oxyijen 
gives a velocity higher than normal, which increases as the jxo- 
portion of oxygen increases. Excess of hydrogen produces tie 
opposite effect. The temperature-coefficient of the read ion 
t)etween 0° and 25° is zero, as would he expected from ionisation 
Calculation of the ionisation by the method of average path of 
the a-p articles shows that for each pair of ions produced in lie 
gaseous mixture. 3’9 molecules of water are formed ; this value 
ayrees fairly well with 3*7 found by Schener (A., 1914, ii. 7621 
The reaction in cylindrical volumes obeys the same laws as that in 
spherical volumes, which would appear tn confirm the aiitloT'i! 
original contention that the average path in a cylinder is tie 
same as in a sphere of equal volume {Amer. Electrochem, from., 
34^. L T. S. 

Chemical Action produced by Radium Emanation. II. 
Chemical Effect of Recoil Atoms. S. C. Lind {J. Amer. Chm. 
Sor., 1919, 41, 551—559. See preceding abstract). — The action of 
radium emanation in causing the combination of electrolytic 
hydrogen and oxygen is abnormally high in small spheres, par- 
ticularly at low gaseous pressures. The action is shown to be six 
to seven times greater than that due to the normal a-ray effect. 
This abnormally high velocity is explained by the assumptiou that 
the recoil atoms contribute to the reaction in proportion to tier 
relative ionising power. The results of the author’s calculatioiis 
and experiments are in general agreement with Wertensteins 
ionisation data for recoil at(yns (A., 1914, ii, 514). J- J’- ®* 

Determination of the Ionisation Potential for Electroie 
in Helium. Frank Horton and Ann Catherine Davies 
R 01 J, Soc„ 1919, [4], 95, 408-429).-The ionisation potential 0 ^ 
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irons generated by a heated tantalum wire in helium of low 
'^^sure has been experimentally determined. The experiments 
that radiation occurs when electrons having a velocity of 
H ut 20‘5 volts collide with helium atoms, and that this is not 
ompanied by any ionisation of the gas. It is also shown that 
^^^isation of the helium occurs when the velocity of the electrons 
^^^\ised to about 25*7 volts, and that no other type of radiation 
produced at this point. The potential values were obtained 
. in an accurate investigation of the position of the bends of the 
iirrent-potential difference curves over a range of 2—3 volts in 
ke neit^hbourhood of the value. The mean values from these 
eriments were 20*4 volts and 25*7 volts respectively. By a 
nethod in which the value of ^as made zero, and the electrons 
uld produce radiation or ionisation over longer paths, the mean 
values 20*45 volts and 25*5 volts were obtained. It may be taken 
,hat 20*4 volts represents the minimum radiation potential and 
)5-6 volts the minimum ionisation potential. T^ese values con- 
irm Bohr's suggestion that radiation, and not ionisation, occurs 
it about 20 volts, but the value found for the ionisation potential 
[.considerably lower than the value, 29 volts, deduced from Bohr's 
tkory of the structure of the helium atom. J. F. S. 

i Molecular Electric Field in Gases. P. Dkbye {PJujstkal 
, 1919, 20, 160— 161).— A theoretical paper in which 
calculations, based on the Stark hypothesis that the broadening 
if spectral lines is to be attributed to a molecular electric field, 
are made by which the approximate dimensions of the molecular 
Electric field are calculated. Assuming that the charge of an 
Electron is 5 x lO'^o gd cmA sec.-^ (electrostatic units), and the 
radius of the molecule is 10 “ ® cm., it is shown that the charge on 
1 charged molecule or ion may be taken as 5 x g.l cm.l sec.”^ , 
and in the case of an uncharged molecule which hears an electric 
moment, this may be put at 5x10“^^ g.^ cm. sec.“h 
Electric moment disappears, the electric moment of inertia is then 
calculated to 5x10-26 g.i cm.i sec.-F Values of 
dimensions have been recently obtained bv Jona (this vol., ii, I^ )■ 
The value of the field strength due to the ions (Fi) is given by 
= where e is the ionic charge and n the number of gas mole- 
cules per cubic centimetre. The field strength, F.i, 
charged molecules which have an electric moment, is given by 
V,~w 7 i, where m is the electric moment, and for the case where 
the electric moihent is zero and only an electric moment of inertia 
present. ^ 3 = © gives the field due to this cause, where @ is 
the electric moment of inertia. Substituting the appropriate data 
^ = 4500 electrostatic units =^1,350,000 volts /cm., ^'., = 135 electro- 
staiic units = 40.500 volts /cm., and = 4 electrostatic 
m volts/cm. In the case of ammonia and sulphur dioxide, the 
skctric moment is actually of the above order, and an electric eld 
of 4x10^ volts/cm. is existent. 
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Electromotive Activity of Carbon Monoxide. FaiEoaica 
Auerbach {Zcitsch, Elektrochem.y 1919, 25, 82 — 

theoretical paper in which the activity of carbon monoxide in 
electromotive processes is considered. It is shown that the 
given by Hofmann (this vol., ii, 8) for the element Og/CO may not 
be directly compared with that calculated from the free energy 
of the reaction 2 CO + O 2 ^ 2 CO 2 , because in alkaline electrolytes 
carbon monoxide is not burnt to carbon dioxide, but to carbonate. 
In the present calculations, the E.MJ, is much smaller than that 
observed by Hofmann. J- F. S. 

A Modified Hydrogen Electrode. J. Humo and W. Stdrji 
(Ckem. WeekUad, 1919, 16, 473— 481).— In their measuremeats 

of the hydrogen-ion concentration of aqueous soil extracts by meaiig 
of the hydrogen electrode, the authors experienced difficulty in 
obtaining constant results for any one extract, even after filtration 
of the latter through an ultra-filter. Whilst no explanation of 
the oljserved fluctuations in suggest^, it is found possible 

to obtain satisfactory constancy in the readings by the following 
modifications in the construction and use of the hydrogen electrode. 
The electrode consists of a platinum puze cylinder platinised mi 
a gold coating. The soil suspension is containe^in a closed vessel, 
through the stopper of which pass the electrode, gas inlet and 
outlet tubes, electrolyte tube, and a stirring gear motor driven 
through a mercury seal. A rapid stream of hydrogen is supplied 
both to the inner and to the outer surface of the gauze cylindei 
during the measurement, whilst soil and liquid are kept in intimat 
contact by vigorous stirring. W. S. M. 


The Theory of Electrolytic Ions, IX, Spacefilling act 
Mobility of Univalent Organic Ions. R, Lorexz {Zeihd 
anorg. Chem., 1919, 105 , 175— 186).— The author has calculatec 
the space-filling numbers of more than one hundred univalen 
organic cations, containing from 6 to 44 atoms (compare A., 191? 
ii, 303). The space-filling number ^ is the ratio of two volume 
(f>)v, where <f> is the ionic volume calculated from the ioni 
mobility and V is the volume derived from^ the density or fror 
Kopp’s formula. The ion radius, r, is given by the formu. 
^^^.j^x8'954-10-^ In the series of ions examined, this radm 
is found to be a linear function of the number of atoms m 
ion. Hevesy (A., 1916, ii, 594) has advanced the theory that tii 
ions in solution endeavour to attain an approximately constan 
potential, which, fn the case of water, is about 70 millivolts, i 
normal radius of an ion charged to this potential he calculates i 
be 2*8 X 10-8 cm. To adjust their potential, the smaller 10 ns, n 
supposes, increase their radius by becoming hydrated, er® 
lowering their mobility. In the series of ions f aminauo 

this “normar^ radius, corresponding with a "normal J’, 

reached with not fewer than 27 atoms in the ion. 

Hevesy's theory, ions with fewer than 27 atoms sbou 
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hydrated to bring their radii and mobilities to the “nonnar’ 
value. There is no evidence that they do become so hydrated, 
however, for the relation ^between the number of atoms and the 
ionic radius is linear, and there is no discontinuity in the curve 
at about 27 atoms. Further, there is very little difference between 
the mean values of the space-filling numbers with more than 27 
atoms (^ = 0’474) and the mean of all ions with from 6 to 44 
atoms (^=0'388). For the "ideal” organic cation containing 
between 4 and 50 atoms, the value of the space-filling number can 
be taken as 0'40. E. H. R, 

Movement of the Ions during Electrolysis. Carlo Del 
Lungo {Nuovo Cim.j 1918, [vi], 16, ii, 173 — 181). — By applica- 
tion of Stokes’s law to the question of the movement of the ions, 
the author deduces theoretically Walden^s empirical law, according 
to which, for one and the same electrolyte, the product of the 
viscosity of the solvent and of the equivalent conductivity, Aq, is 
a constant magnitude independent of the temperature. It is 
found also that the variation of the conductivity, Aq, should depend 
solely on the variation of the viscosity-coefficient, r], as it may be 
assumed that, at least within certain limits, change of temperature 
does not sensS||^ influence the diameters of the ions. Con- 
sequently, the temperature variation of Aq should be virtually 
the same for all electrolytes in aqueous solution. Not only is the 
law in general verified for salts, but the temperature- coefficients 
of conductivity between 18° and 40° have the limiting values 
2 ' 3 . 10“^2 and 2‘6 . 10“^^, which correspond closely with the 
temperature -coefficient of the viscosity of water. 

Stokes’s law allows also of calculation of the diameter of the 
ions, and the values thus derived are in good agreement with those 
deduced in accordance with the kinetic theory of gases. In 
general, the ions are small in comparison with the molecules, but 
the difference is exceptionally marked with the ions H' and OH^, 
the diameters of which are only about one half of what they 
should be according to the diameters of the molecules Hg, Og, and 
HgO, The existence of free H* and OH^ ions in all aqueous solu- 
tions, and perhaps in greater number in solutions of acids and 
bases, would cause the calculated velocities of the ions of the 
electrolyte to be greater than the true values ; these considerations 
would explain the exceptionally high values obtained for the trans- 
port velocities of the ions H* and and the low values of the 
corresponding temperature-coefficients, and of the diameters calcu- 
lated according to Stokes’s law. It appears that the ions H* and 
OH^ exist under special conditions different from those shown by 
other ions, and that the friction between them and water molecules 
IS far less than with other ions. 

The dimensions of the ions of the metals and of the non-gaseous 
non-metals given by Stokes’s law are compared with those calcu- 
lated on the basis of the atomic volumes. The agreement is good 
for univalent elements, with the exception of potassium, but there 

8 * 
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is a moderately high and approximately constant difference in the 
case of the bivalent metals. T. H, P, 

The Decomposition o! Dielectric* Liquids in the Midst 
of which an Arc passes. Ed. Ubbain and Claik Scal (Compt. 
rend., 1919, 168, 887 — 889), — An arc, started by a high-frequency 
spark, and continued by a current at low voltage, in passing 
through the tetrachloride of titanium, tin, or carbon, causes a 
marked decomposition, chlorine being liberated. With saturated 
liquid hydrocarbons, there is a liberation of acetylene, ethylene, 
and hydrogen, and a deposition of carbon. With pinene, the 
same products are obtained, and at the same time there is a 
marked formation of isoprene in the liquid. Ketones yield carbon 
jnonoxide and differetit hydrocarbons. In the case of organic 
dielectric liquids, the process of decomposition differs according as 
the liquid is maintained at 15° or at its boiling point, the decom- 
position being far more thorough in the latter case. W. G, 

Thermochemical Application of the Grating Theory. 

M. Born [Ber. Dent, 'phynikd. Ges., 1919, 21, 13 — 24). — A 
theoretical paper in which it is shown that the formation or decom- 
position of a crystalline substance must be accomnanied by a heat 
change which is equal to the electrical energy of^ne grating. It 
is impossible to calculate this quantity with the hope of finding 
agreement between the experimental quantity and the calculated 
quantity of heat, but it is shown in the case of the alkali halogen 
salts, and also for the calcium halogen salts, that the order of the 
two quantities is the saine. The formation of a crystal of sodium 
f'hloride from its elements is considered as occurring in three steps: 
^1) the subdivision of sodium into isolated atoms and the ionisa- 
tion of these, which uses a quantity of work (2) the sub- 

division of the chlorine into atoms and the ionisation of these, 
which absorbs work Zci; (3) the combination of the ions of sodium 
and chlorine to form the solid crystal, whereby the electrostatic 
crystal energy, is obtained as heat. The heat of formation 

is then given by -l- It is shown that == 

t^Kci-'Q.N-ci + C^Kci and from this is inde- 

pendent of the halogen. The value of (J is calculated for the 
Mthiuni haloids, and found to fall from the fluoride to the iodide. 

J. F. a 

Thermal Conductivity of Organic Compounds. W. Hkrz 
(Zeifsch. phydkd. Chem., 1919, 93, 376—379). — A theoretical 
paper in which the relationship between the density (d), specific 
heat (c), and the thermal conductivity {k)^ as expressed in the 
equation k = ij.c.d, is considered. It is shown that the quantity 
kjgd decreases in homologous series of organic compounds with 
increasing molecular weight and also with increasing molecular 
diameter. This is in keeping with the assertion of Weber, (Sitz- 
unysher. K. Akad. TTV-?*. BerJiv, 1885, 809) that this quantity is 
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inversely proportional to the mean distance between the molecules. 
The heat capacity (c . d) for equal volumes of liquids and the 
thermal conductivity k are proportional to one another, although 
many exceptions to this occur. In some liquids, the heat capacity 
varies inversely as the thermal conductivity. J. F. S. 

Equation of State for Liquids and Vapours. I. Vapour 
Phase of Ethyl Ether, Fbederick G. Keves and William A. 
Felsing (/. Amer. Chem. Soc., 1919, 41 , 589—619). — The authors 
discuss the basal ideas of the kinetic theory in their relationship 
to the work of van der Waals, sfnd they deduce an equation of 
state on the present-day conception of the atom. This equation 
has the form in which h — 

(see Froc, Nat. Acad. 1917, 3, 323). It is shown that the 
strict proportionality between the pressure increment and the 
temperature increment at constant volume is the only trustworthy 
test of a system with one molecular type, and that divergence 
from the linear curve is due to polymerisation or change in the 
molecular system. The data of Ramsay and Young and other 
investigators for ethyl ether have been re-calculated on the above 
formula, and it is shown that the particular form of the mathe- 
matical functioi#5=i3e"“/^ and the cohesive pressure expression 
(l> = A/(v~l)^ are both exact. The pt curves for ether have been 
measured at constant volume, and are shown to be linear within 
the limits of accuracy of the measurements. From the constants 
of these curves, the 5-equation and the ^-equation have been com- 
])ute(l, and the mathematical form deduced for each shown to he 
exact. AmagaFs data have been used to determine the equation 
for 5 (liquid phase) on the assumption that this phase is bimole- 
cular. The ratios of the jS- and a-constants have been compared 
and found to be simple. For one molecule of liquid, the limiting 
volume correction /8^ is numerically equal to the limiting volume 
correction of the gas whilst cu is only one half as great as Oj. 

J. F. S. 

Specific Heat and Latent Heat of Fusion of the Dichloro-, 
Chlorobromo-, Dibromo-,Bromoiodo-, andDi-iodo-benzenes. 

I. J. Narbutt (Zeitsch. Elektrochem., 1918, 24, 339 — 342). — The 
specihc heat and latent heat of fusion of a number of dihalogen- 
ated benzenes have been determined. The following numerical 
results have been obtained ; is the mean specific heat of the 
molten substance, c the mean specific heat of the solid, and g the 
latent heat of fusion. (1) Dichlorobenzene, cjj =0*22024 + 
0-0003462(^1 + ^ 2 ), between 99-P and 52'9o b*298±0'004, 

f?=29-50±0*ll cal.; o-dichlorobenzene, c:=0*185±l% between 
-21*3'^ and -75-6°, =0-27022 + 0•00015l2(^l+ ^ 2 ), 5 ^ = 21*011 

0‘14 cal.; w-dichlorobenzene, c = 0-186±l% between —27*8® and 
-76 2®, c'Jj =:0•27022 + 0•00015l2(^l+^2), g = 20A7±0'H cal; 
j»-chlorobromoben 2 ene, c' = 0*239 ±0’004 between 99*8® and 64*6®, 

8*— 2 
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=0-17066 + 0*0002499(ii + f 2 )> 5r=23-42±0’09 cal.j o-chloro- 
bromobenzene, c'jj =0*21497 + O’ 0001174(^1 + y, c = 0-192 ± 1% 
between -15-1° and -74'8°, ^=15-44 ±0-11 cal.j m-chlorobromo- 

benzene, c' = 0’199±2% at -75-8°, 0 % =0’21224 + 0-0001174(«i + y, 

pf=15‘34±0’10 cal.j p-dibromobenzene, 

c\ =0-13934 + 0'0001907(«i + «2), 

^=20*84 + 0-08 calj o-dibromobenzene, 

=0 17994 + 0-0001070(ti + ^2), 

c =0-248 ±0*75% between 0® and —73*2®, ^ = 12-79 + 0*10 cal.; 
m'dibromobenzene, =0’17535 + 0'0001070(ii + ^ 2 )) ^ “ 0-134i 
1%, ^^=13-39 + 0*09 cal.; ;p“broiQC>iodobenzene, 

c;|^ = 0•11627 + 0■0001576(^l + ^2)» 

^ = 16*57 ±0*07 cal.; n-bromoiodobenzene, 

c'J; = 0-15285 + 0-0000666(«i +,y, 

c' = 0’148±2% between 0° and -75*5°, 5 r = 12-2±2%; m-bromoiodo- 
benzene, =0’15134 + 0*0000666(«i + y, c = 0-143±l% between 
- 12-5° and - 74*8^, $;= 10*30±0-10 cal. ; p-di-iodobenzene, 
c\\ =0*10093 + 0‘0001332(«i + « 2 ), ^ = 16-21±0*10 cal.; o-di-iodo- 
benzene, c% =0*13574 + 0’0000388(^i+i2)> ^=r0-20±0*05 cal.; 

vn-di-iodobenzene, c|', =0’10093 + 0-0001332(fi + ^ 2 )j c^=0'140±0-002 
between 99-6° and' 34 ’2°, and 0-137 ±0*003 between 63’2° and 
34-20, ^==11-55 ±0-03 cal. The trustworthiness of the formulae is 
tested by calculation of the mean specific heat for each set of 
experimental conditions, and the results in each case are well in 
accordance with the experimental values. J. F. S. 

Specific Heat and Latent Heat o| Fusion of the Dichloro-, 
Chlorobromo-,Dibronio-,Bromoiodo-, and Di-iodo-benzenes. 

II, J. Narbutt {Zeitsch, ElektTocheTn,^ 1918, 24, 342 — 354. Com- 
pare preceding abstract). — A theorttical paper in which the results 
recorded in the previous paper are discussed. The specific heats 
of the liquid isomerides of the dihalogenated benzenes are prac- 
tically the same, whereas theoretically they could differ somewhat. 
The specific heat of very strongly supercooled dihalogenated 
benzenes changes according to the same rule as is followed above 
the freezing point. A formula is deduced for calculating we 
specific heat of nearly related non -associated compounds. This 
formula has been tested in the case of the dihalogenated benzenes, 
The dihalogenated benzenes, according to the rule of Longinescu 
(A., 1908, ii, 931), are nomassociated. The critical temperature 
and the critical volume of several of the dihalogenated benzenes 
have been calculated ; the following values are recorded, which are 
the mean of the values of the three isomerides : dichlorobenzene, 
Tfc 689°, (p 2*43; chlorohromobenzene, T* 725°, ^ 1*95; 
benzene, Tk 760°, 4> T65; bromoiodobenzene, Tk 
chloroiodobenzene, Tk 774°, T66; and di-iodobenzene, 

J. 
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Specific Heat and Latent Heat of Fusion of the DichlorQ> 
Chlorobromo-, Dibromo- , Bromoiodo- , and Di-iodb- 
benzenes. III. J"* Nabbutt (Zeitsch ElelitrQc}iem.i 1919, 26, 
51 ^ 7 . Compare preceding abstracts). — theoretical considera- 
tion of the results recorded in part I. It is shown that the latent 
heat of fusion of the dihalogen benzenes decreases in general with 
increasing molecular weight and decreases with increasing melting 
point. The mean value of the quotient of the molecular latent 
heat, Mi and the absolute melting point, T, M/T—cf), has the 
value 13'3 for the para-series, ITS for the ortho-series, and 12-0 
for the meta-series. The mean values do not differ very much 
from the individual values, consequently the latent heat of fusion 
can be calculated for those cases where it has not been experi- 
mentally determined. The eutectic points of the system p-dichloro- 
benzene-pdi-iodobenzene have been calculated and found to corre- 
spond closely with the experimental values. In some cases, the 
maximum work of solidification has been calculated from the data 
obtained for the supercooled liquids. The difference between the 
molecular volume in the liquid and solid state has been calculated 
for several of the dihalogenated benzenes. In the case of the 
para-dihalogenatcd benzenes, the quotient of molecular latent heat 
of fusion and the absolute melting point is three times as large as 
the difference between the molecular heats at the melting point, 
whilst it is equal to the difference of the mean molecular heats 
between the melting point and the absolute zero. J. F. S. 


Specific Heat and Latent Heat of Fusion of the Dichloro-, 
Chlorobromo-, DibroniO',Broinoiodo-, and Di-iodo-benzenes. 

IV, J. Narbutt [Zeitsch, Elektrochem., 1919, 25, 57—66. Com- 
pare preceding abstracts). — A mathematical consideration of the 
experimental results recorded in part I. It is shown that in 
general the solid isomerides pf the dihalogenated benzenes have 
practically the same specific heat over the temperature range 
examined, but in some cases a markedly different value is obtained. 
The dependence of the specific heat on the temperature is greater 
in the solid state than in the liquid state. The specific heat 
changes quite regularly with temperature even in the neighbour- 
hood of the melting point. The mean specific heat cannot be 
calculated by the Neumann rule to nearer than 2% even -^^en the 
dependence of this factor on temperature is taken into account. 
The value of of the Nernst and Liudemann formula has been 
calculated for the various atoms, and the following values obtained : 
C ^(attached to H) 3100, C (attached to a halogen) 1400, 
H (attached to C) 850, Cl (attached to C) 365, Br (attached to C) 
260, and I (attached to C) 100. These values are, however, not 
trustworthy for calculations involving extrapolation to very low 
temperatures. The work of expansion against the cohesive forces 
is the saini! for the gram-molecule of the solid dihaloeenated 
benzenes. . J. F. S. 
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Latent Heats of Fusion and their Relation to Molecular 
Ck>mp08ition. Habbord George Wayling {Phil. Mag.^ 1919, [vi] 
37, 495 — 497). — The latent heat of fusion multiplied by the 
molecular number (that is, the sum of the atomic numbers of the 
atoms in the molecule) and divided by the absolute melting point 
is for many compounds equal to the number of the atoms in the 
molecule. Thus for water 80x10*^273 — 2*93. For the majority 
of salts with water of crystallisation, the rule holds if two instead 
of three is allowed for the number of atoms in the water molecule. 
The generalisation holds for a number of inorganic salts and for 
formic acid and chloroform. Acetic acid, phenylacetic acid, and 
butyric acid all yield the same number, 5, but no simple connexion 
occurs for the closed-ring or aromatic compounds, F. S. 

Cryoscopic Investigation of Double Salts and Complex 
Salts in Aqueous Solution. E. Cornec and G. Urbain {Bull 
Soc. chim., 1919, [iv], 25, 131 — 136). — A more detailed account 
of work already published (compare A,, 1914, ii, 428). W. G. 

The Measurement of Very Low Temperatures. XXIX. 
Vapour Pressures of Oxygen and Nitrogen for obtaining 
Fixed Points on the Temperature Scale below 0°. P. G. 

Cath {Proc. K. Akad. WeUnsch. Amsterdam, 1919, 21, 656 — 663). 
— The vapour pressures of oxygen and nitrogen have been deter- 
mined at temperatures in the neighbourhood of 57° to 90° (ahs.). 
In the case of oxygen, the results can be expressed by the equa- 
tion logp=AIT + Bi~CT (p in atm.), with A = -419-31. 
5 — 5*2365, (7= -0*0648. From this equation, the normal 
boiling point of oxygen* would be 90*13° on Kamerlingb Onnes’ 
scale, the actually observed value being 90-14°. The nitrogen results 
can be expressed by a similar equation, in which A = -334*64, 
5 = 4-6969, and (7= -0*00476. The boiling point of nitrogen 
calculated from the equation is 77*31° on the same scale. 
Measurements of the vapour pressure of solid nitrogen give the 
relation logp= -358’73/7’ + 4‘7769 as holding near the triple 
point. This equatioif gives for the triple point 7’= 63*25°, 
p=0'1269 abn,, or 9 64 cm. E, H. R. 

Vapour Pressure and Latent Heat of Vaporisation of 
Silicon Hydrides and their Simple Derivatives. Robert 
WiNTGRN {Ber., 1919, 52, [5], 724 — 731. Compare Stock, 
Somieski, and Wintgen, A., 1918, ii, 110, 111). — A mathematical 
investigation of the data recorded by Stock and his co-workers on 
the vapour tension at various temperatures of simple silicon com- 
pounds, and the calculation of the molecular latent heat of vapor- 
isation of the substances at any temperature. H, W. 

Vapour Pressure Regularities. II. W. Herz (Zeitsch. 
Blektrockem.y 1918, 24, 333 — 335), — The proportionality factor 
of Diihring’s rule has been calculated for the substaifd^ chlorine, 
bromine, iodine, argon, krypton, xenon, oxygen, svlphutj nitrogen, 
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phosphorus, arsenic, bismuth, copper, silver, zinc, cadmium, 
mercury, tin, lead, and a large number of organic substances. It 
is shown that in all cases it exhibits an approximate constant. 
In the case of the non-metals, the q value increases with increas- 
ing pressure, and in every group of the periodic system with 
increasing atomic weight, The metals behave in the opposite way. 
The q value for compounds in most cases exhibits a tendency to 
increase with increasing molecular weight in each group of the 
periodic system and in each homologous series of organic sub- 
stances. J. F. S. 

Molecular Theory of the Vapour Pressure of Solid 
Substemces and its Significance in the Calculation of 
Chemical Constants. Oto Stern (Zeitsck. Elektrochem., 

25, 66—80). — A mathematical paper in which a theory of the 
vapour pressure of solid substances is developed on the basis of 
the following four hypotheses: (i) The attractive forces between 
atoms in the gaseous phase may be neglected on account of the 
relatively great distance between the atoms, (ii) The atoms 
exercise attractive forces on one another in the solid phase, and 
these forces are in equilibrium about the centres of gravity of the 
atoms. In the case of crystals, these forces are arranged orderly 
in the crystal grating, (iii) The atomic forces operate so that 
when an atom moves from its position of equilibrium, an opposing 
force is set up which tends to bring it back into the position of 
equilibrium. The magnitude of this force is proportional to the 
amount of movement of the displaced atom, (iv) To move an 
atom from its position of equilibrium, a definite finite amount of 
work, is necessary, so that = the heat of sublimation 
at the absolute zero, on the assumption that at this point all atoms 
are in their equilibrium positions. Complicated formulae are 
developed on these assumptions, and these take account of the 
different frequencies of the atoms. From these formulae others are 
developed for calculating the ’chemical constants. J. F. S. 

Vapour Pressure of Acetone-Chloroform Mixtures. 

Alfred Schulze (Zeitsch. phy&ikal. Chem.^ 1919, 93 , 368 — 375). 
—The vapour pressure of various mixtures of acetone and chloro- 
form has been determined at 30“^, 70*^, and 90^, and composition- 
pressure curves constructed for the three temperatures. The curves 
indicat'O that acetone-chloroform mixtures contain an oquimole- 
ciilar compound of the two constituents in a dissociated condition, 
which with increasing temperature apparently becomes less. At 
30*^. a distinct association of acetone is noticeable. By the aid of 
the law of mass action, the vapour pressure of the various mixtures 
was calculated, and the results shown to be in good agreement with 
the experimental values. J. F. S. 

Explosion, Implosion, and Bursting. Walter Rrteger and 
Hans Schimank (Zeitsck . Elektrockenj., 1918 , 24 , 35^. — 356. 
Compare A., 1917, ii, 462). — A discussion on the exact definition of 
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the term explosion. An explosion is defined as the sudden develop- 
ment of a gaseous volume, an implosion as the sudden disappeai- 
ance of a gaseous volume. Bursting may be occasioned by either 
process or by inequalities of pressure or strain. J. F. 8. 

Calculation of the Density of some Elements at the 
Absolute Zero. W. Hebz {Zeitsck, anorg. CAem., 1919, 106, 
171 — 174). — The densities and atomic volumes of a number of 
elements at absolute zero have been calculated, making use of 
Lorenzos relation between the volume at absolute zero and that 
at the critical point, boiling point, and melting point (A., 1916, 
ii, 312). These relationships are given by the equations 
dQ=l‘4:lda = 3‘7bd =l'2lde = d(0'17 in which d is the 
density, T is the absolute temperature, and the suffixes o, k, and 
e represent, respectively, absolute zero, boiling, critical, and melting 
points. The values of calculated from the different equations do 
not always show very good agreement; in the case of mercury, for 
instance, varies between 14'23 and 17'41. It is claimed, how- 
ever, that in most cases a very fair approximation to the true 
value is obtained. Sodium (TOSS) has a greater zero density than 
potassium (1‘004), but in all other cases the density increases with 
the atomic weight. E. H. R. 

Physical and Chemical Theories [of the Action of Toxins, 
Dyes, etc.]. I. Traube {Ghem. Zeit., 1919, 43, 129 — 130).— 
Polemical. A continuation of the controversy with Karrer 
(Traube, A., 1912, ii, 740; Karrer, A., 1918, ii, 431). 

Measurement of ih« Thickness of Film formed on Glass 
and Sand, Earl Pettijohn (/. Amer. Ghem. Soc., 1919, 41, 
477 — 486). — A method is described by which the thickness of a 
film of liquid, capable of forming on the surface of sand and glass 
beads without free liquid being present, may be measured. The 
method consists in placing a known weight of sand (200 grams) 
in a dry, conical flask and adding the liquid drop by drop from a 
burette with repeated shaking after each addition until particles 
of the sand adhere to the walls of the flask. The adherence to the 
walls is taken to indicate the presence of free liquid. The surface 
of the sand or beads is then determined, and the thickness of the 
film calculated. These experiments were carried out with water, 
nitrobenzene, aniline, dimethyl aniline, iodobenzene, toluene, 
turpentine, and pyridine, and with sands and beads of varying 
diameter. The results show that there is no chemical combina- 
tion between the liquid and the solid. The thickness of the film 
is independent of the liquid used and of the size of the ^61id 
particles. J. F. S. 

Formulae concemingc Surface Tension. Arthur C. Lunn 
(/. Anver. Ghem. Soc., 1919, 41, 620 — 621).— A theoretical dis- 
cussion on the mathematical processes involved in the- deduction 
of the formulae used for calculating surface tension, J. F- S. 
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Determination of Surface Tension (Free Surface Energy) 
and the Weight of Falling Drops : Surface Tension of 
Water and Benzene by the Capillary Height Method. 

William D. Habkins and F. E. Brown (/. Amer. Chem, Soc. 
1919, 41, 499 — 524). — The two methods in general use for the 
determination of surface tension are considered, the errors attached 
to each method are indicated, and a series of determinations of 
the surface tension of water and benzene are recorded. The theory 
of the capillary rise method is simple, but the technique is difficult 
and its use in some cases causes errors as high as 30%, due to its 
inapplicability to certain classes of substances. The drop-weight 
method is applicable to a wide range of liquids, and the technique 
is not difficult; but the theory of this method has not been com- 
pletely worked out, so that many of its published results are 
inaccurate, although the experimental data are accurate ; this is due 
to the use of an inaccurate theory. The relation of the experi- 
mental results of the drop-weight method to those of the capillary 
rise method has been determined by using liquids which give 
accurate results by both methods, and this relationship has been 
plotted in such a way as to show the relation between surface 
tension and the form of the drop which falls from a circular tip. 
The surface tension and the capillary constant of water and benzene 
at 20^, each against air saturated with its own vapour, have been 
determined by the capillary rise method. The values obtained 
are: for water, y:^72-800 dynes per cm., = mm.; for 

benzene, y = 28-80 dynes per cm., 0^ = 6-713 mm. In this deter- 
mination, the capillary tubes were steamed out with the vapour 
of the liquid before use. In the case of water, this increased the 
value of y by about 0*1 dyne. Water, benzene, carbon tetra- 
chloride, and ethylene dihromide were dropped from a large number 
of glass and metal tips of radii varying from 0'09946 cm. to 
T0028 cm., and the weights of the falling drops determined. From 
the data, rja and of the Lohnstein equation, 

Mg = 2Trryf(rla), 

were calculated for values of r/o between O’ 25 and 2-60. The 
value of firja) is not constant, but varies from 0*7256 to 0’5352 
in this range, whilst when rja falls to 0*025, /(r/a) rises to 0*924. 
It is assumed that in conjunction with other necessary conditions, 
rja really determines the shape of the hanging drop, and that it 
is the shape of the drop which determines the fraction of the 
drop which falls. This shape may also be determined by the ratio 
of r to the cube root of the volume of the falling drop. Thus a 
new equation, similar to that of Lohnstein, was derived, 

Hp = 2irry^(r/vl). 

This is more easily applied to the determination of surface tension 
than Lohnstein’s equation, since all the factors except y are 
obtained by direct experiment or from a table of values, whilst 
the a of Lohnstein's equation cannot be obtained from the direct 
results of the drop-weight measurements, but must be calculated 
liy methods of approximation. J. F. S. 
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Osmotic-kinetic Theory of Dilute Solutions. G. Jager 
(Zeitsch. physikal. Chem., 1919, 93, 275—311).— A theoretical 
paper in which the relationship between pressure and volume of 
a highly compressed gas is 'deduced. It is shown both as a first 
approximation and also strictly that that portion of the pressure 
of a highly compressed gas occasioned by the arrangement of the 
molecules on a surface can be calculated as though no collisions 
between the molecules occurred. To this portion of the pressure 
there is to be added that occasioned by the collisions of the mole- 
cules. The sum of the two gives the pressure exerted on the walls 
of the containing vessel. Calculations show that for a solution 
an osmotic pressure is obtained which is the same as the value 
which would be obtained if the dissolved substance alone were 
present in the vessel. It is also shown that a dilute solution must 
have the same internal pressure as the pure solvent. The equa- 
tions for the elevation of the boiling point and the lowering of the 
freezing point are developed from the vapour-pressure lowering. 
It is also shown that the Kernst theorem can he obtained from 
kinetic considerations, and that the relationship of the concen- 
trations of a non-electrolyte in two sparingly soluble solvents is 
independent of the quantity of dissolved substance. J. I’, S. 

Rapid Determination of Solubility. T. J. Ward {Analyst, 
1919, 44, 137). — About 3 c.c. of the solvent are heated in a test- 
tube placed in a beaker of water about 10° to 20° higher than 
the temperature at which the solubility is to be determined, and 
small quantities of the substance are added, with constant shaking, 
until some remains undissolved. The tost-tube is then immersed 
in water at the desired teinperature for ten minutes, with occasional 
shaking, after which a thimble of filter-paper is pushed into the 
tube so that the liquid can filter inwardly. A definite volume of 
the filtrate is withdrawn by means of a pipette, weighed in a 
covered vessel, and evaporated, and the residue dried and weighed. 

C. A. M. 

r Coagulation of Metal Sulphide Hydrosols. I. Influence 
of Distance between the Particles of a Sol on its Stability. 
Anomalous Protective Action of Dissolved Hydrogen 
Sulphide. Jnanendra Nath Mukherjee and Nagendra Nath Sen 
(T., 1919, 115, 461—472). 

The Chemical Equilibrium between Lead Sulphide and 
the Products of the Roasting Process. Rudolf Schenck and 
Agnes Albers {Zeitsch. anorg. Chem., 1919, 105, 145 — 166).— 
The three-component system lead-suiphur-oxygen gives rise to 
seven solid phases, Pb, PbO, PbS, PbSO^, PbSO^PbO, 
PbS 04 , 2 Pb 0 , PbS 04 , 3 Pb 0 , besides the gaseous phase SOg. There 
are thirteen possible imivariant systems, each consisting of three 
solid phases in equilibrium with the gaseous phase, and these 



OENSBAL AND PHYSICAL CHEMISTRY. ii. 223 

thirteen systems fall into three groups. In group I (4 eystoms), 
lead sulphide is in equilibrium with two oxygen-containing phases ; 
in group II (5 systems), lead sulphide and metallic lead are in 
equilibrium with one oxygen -containing phase j and in group III 
(4 systems), metallic lead with two oxygen-containing phases. 
The vapour-tension curves for the systems of groups I and II have 
been investigated at temperatures between 500^ and 820°. Earlier 
measurements of the vapour tensions of some of these systems were 
made by Schenck (A,, 1907, ii, 546, 619) and Reinders (A., 1915, 
ii, 47), but their results were to some extent vitiated through the 
use of silica vessels, which were attacked by the reaction mixtures. 
This difficulty has been overcome by the use of calcium phosphate 
for the containers. The pressure-temperature diagram for the nine 
systems investigated is given. The most stable phases are those 
of group II, in which both lead and lead sulphide are present as 
solid phases, these systems being in equilibrium with a lower 
pressure of sulphur dioxide than those of group I. The vapour 
phase always contains lead sulphide. It follows that in the systems 
of group III, in which lead sulphide is not present as a solid phase, 
the vapour must be unsaturated with respect to lead sulphide. A 
complete equilibrium diagram, including the systems of group III, 
must therefore be in three dimensions, the third co-ordinate repre- 
senting the vapour pressure of lead sulphide. It was found 
impossible to realise experimentally the conditions of existence of 
the systems of group III, as they are apparently very unstable. 

The vapour pressure of lead sulphide between 850° and 1000° 
was measured, and was found to increase from 2 mm. to 17 mm. 
between these temperatures. Lead sulphide distils readily in a 
vacuum at 900°. E. H. R. 


The Action of Salts. K, Spiro (Biochsm. Zeitsch., 1919, 93, 
384 — 394). — Many ions may have an influence on quite simple 
chemical reactions in which they are apparently not directly con- 
cerned. The influence of the ions may be arranged in order of 
magnitude, resembling the Hofmeister series. 

The reactions studi^ included the oxidation of potassium iodide 
by atmospheric oxygen and hydrogen peroxide, the oxidation of 
iiidiqo, the guaiacum reaction, the reducing action of hydrogen per- 
oxide on ferric chloride and potassium ferricyanide, the oxidation 
of ammoniacal cuprous and silver oxides by dextrose, the indo- 
phenol reaction, and the action of catalase. The series of ions are 
not identical in every case. The presence of mafimesium may in 
certain cases exert a more favourable action on oxidation processes 
than that of sodium, hut examples of the reverse condition occur. 
Certain examples of the influence of foreign ions may be considered 
to be analogous to co-enzyme actions. It is apparent, however, 
Ihgt the lyotropic series mav an ply for simple chemical reactions as 
innch as for physico-chemical reactions, such as imhibition or 
emulsification. " J. C. D. 
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Catalytic Action oi Hydrogen Ions in Hydrolyses. Rud. 
Wegsohbideb {Ber.j 1919, 52, 235 — 236). — The failure of 
hydrogen ions to catalyse the hydrolysis of ^lactones is not the 
first example of abnormality in hydrion catalysis (see 
Johannson and Sebelius, A., 1918, ii, 223). Sulphonic esters are 
also known to be uninfluenced in this way, although the hydrolysis 
of alkyl hydrogen sulphates is catalysed by hydrions. J. C. W. 

Temperature- coefficient of Catalysed and Non-catalysed 
Reactions. N. R. Dhar {Ann. Chin., 1919, [ix], 11, 130 — 223).~ 
A more detailed account of work already published (T., 1917, 111, 
707). ^ 

Conception of Chemical Elements and Atomic Weight 
Tables. Run, Wegscheider {ZeAtsch. physikal. Chem.^ 1919, 93, 
380— 381).— Polemical against the definition of the term element 
put forward by Paneth (compare A., 1916, ii, 240; 1918, ii, 304). 

J. r. s. 

Valency Theory. A. E. I^combl^ {Zeitsch. physikal Chem., 
1919, 93 , 257— 274).— A theoretical paper in which, on the basis 
of Kossel’s (A., 1916, ii, 243) conception of the atom, the author 
develops a theory of valency. As hypothesis, the following assump- 
tions are made : (i) The electrons situated on the outside ring are 
stationary, (ii) A sphere is supposed to surround the atom in such 
a way that its centre lies at the centre of gravity of the atom, and 
only the outermost sheath falls outside the atom. The field of 
forces of the nucleus is regarded as that of a sphere of stated size 
having on its surface an irreplaceable positive charge of dimensions 
equal to, but opposite in sign to, the sum of the electrons on the 
outermost sheath, (iii) Chemical combination is regarded as the 
replacement of the curved lines of force between atoms and their 
electrons by shorter and straight lines of force. On the basis of 
these assumptions, the nature of the compounds which are formed 
between various elements is deduced. For example, it follows 
that the stability of the oxygen derivatives of the halogens increases 
with increasing atomic weight of the halogen. The halogen deriv- 
atives of the elements of group 6 increase in^ stability with m- 
creasiug atomic weight of the element of the sixth group. Many 
other cases are developed. The nature of the bonds in the form- 
ation of molecules elements is considered. This is divided int-o 
three types, which differ in the density of the lines of force on 
the atoms. The paper concludes with a description of 
of the bonds of organic compounds. J. F. S. 

The Mythical Basil Valentine. W. Hommel {Zeitsch. angew. 
Chem., 1919, 32 , i, 73— 761.— Although the existence of the 
alleged fifteenth-century monk, Basil Valentine, was doubted by 
Gmelin (1797), and by Kopp in his later work (1886), he is stilt 
jn many quarters, regarded as the last of the alchemis s. 
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Anachronisma in the supposed writings of Basil Valentine prove 
that these could not have been written as early as 1460, All the 
evidence indicates that the name was a pseudonym for Johann 
Thblde, who, in 1663 — 1604, first published the writings of ‘'Basil 
Valentine.” The survival of the myth down to th© present day 
is largely attributable to the account in Kopp's “ Geschichte der 
Chemie” (1843), whilst Kopp’s later conclusion on the subject has 
been overlooked. C. A. M, 

Simple Efficient Vacuum Pump for Laboratories. Max 

VoLMEB {Ber.^ 1919, 52, [if], 804 — 809).“The pump is constructed 
on principles similar to those of Langmuir {Fkys, Rev., 1916, 8, 
48) and Kraus (A., 1917, ii, 567), from which it differs consider- 
ably in detail. The mercury is boiled in a glass vessel, and the 
vapour, passing through a narrow tube into the cooling chamber, 
carries with it the air from the vessel to be exhausted and passes 
it into the fore-vacuum of a water pump; the condensed mercury, 
flows back by a side-tube to th© bottom of the boiler, direct con- 
nexion between the fore- and main-vacua being prevented by a 
bent tube, in which mercury collects. The apparatus is figured in 
the original. 

Th© average efficiency of the pump is such that a litre flask can 
be exhausted from 15 mm. to <1/100 mm. in five minutes, but 
differs somewhat with different individuals, as it depends on small 
factors which cannot invariably be reproduced. It is easily 
manipulated and cleaned. Vapours are removed as readily as 
gases, and it is not sensitive to moderate amounts of halogens. 
Its use is recommended for drying substances and for distillation 
under greatly diminished, pressure. By the aid of the pump, more 
complete desiccation can be effected in thirty minutes than by 
exposure to alkali hydroxide at 10 mm. during twenty-four hours. 

H. W. 

Gas Washing Flask, especially for Use in the Estimation 
of Sulphur Dioxide in Flue Gases. H. Schilling {Chem. ZeiL, 
1919, 43, 167). — The central inlet tube and the exit tube leading 
from the stopper of the flask are connected by means of a short 
length of tube provided with a tap. By means of the latter, when 
suitably turned, the gases may be directed through the solution 
contained in the flask or passed directly through the connecting 
tube and tap without entering the flask. W. P, S. 

Very Simple Form of Electrolytic Current Interrupter 
lor Demonstration Purposes. Karl Brunner (Bcr., 1919,62, 
[j8], 629 — 630). — The apparatus consists of a glass trough with 
parallel sides, holding about 2 litres; on the one side, a lead plate, 
9 X 13 cm., is suspended in 8% sulphuric acid. A board, laid on the 
top of the vessel, serves as adjustable support for a glass tube of 
16 mm. diameter, at the bottom of which a hole, 3 — 4 mm. in 
diameter, is blown. The hole is partly closed by a pointed glass 
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rod, 50 mm, long and weighing 0’9 gram, which forms a valve 
opening in the upward direction. A strip of lead, 10 mm. wide, 
extends to the bottom of the tube. The apparatus is readily con- 
structed from available material. In comparison with the Wehnelt 
interrupter, it gives a rather shorter spark, but is more trust- 
worthy and less noisy in action. H. W, 

Lecture Experiment [Combustion of Phosphorus]. Karl 
Brunner (Ber,, 1919, 52, [B], 631— '632). — The phenomena 
attending the combustion of phosphorus are conveniently and 
safely demonstrated in the following manner. The apparatus 
consists of two doubly tubulated glass vessels holding about a litre, 
which are connected by a short length of slightly bent quartz tube ; 
the other tubulures carry a mercury manometer and a stopcock 
respectively. About 0-5 gram of yellow phosphorus is placed in 
the quartz tube, and the complete apparatus is accurately counter- 
poised. The phosphorus is ignited by gently warming the tube, 
and slow combustion is maintained by occasional gentle warming 
of the glass vessels. When combustion is complete, the apparatus 
is left to itself until the manometer indicates a deficiency in 
internal pressure. The weight is found to be unaltered. The 
stopcock is now opened, when a distinct increase in weight is caused 
fay the inrush ing air. H. W. 

Preparation of Phosphorus Trioxide as a Lecture Experi- 
ment. Heinrich Biltz and Anna Gross {Ber., 1919, 52, [£], 
762 — 768). — The apparatus consists of a combustion tube, 30 cm. 
long and 1'8 — 2*0 cm. internal diameter, which is drawn out to 
a point and turned upwards at one end. This is connected with 
a filter tube, 25 cm. in length and of the same diameter as the 
first tube,, which contains a loose plug of cotton wool and a layer 
of 6 cm. of tightly compressed cotton-wool balls. During the 
experiment, the tube (which is preferably made of brass) is heated 
at 50 — 60° by a small flame. A condensation tube, 75 cm. long 
and 2 cm. wide, is connected with the filter tube and, through a 
wash'bottle containing sulphuric acid, to a filter pump. About 
10 grams of phosphorus are placed in the combustion tube, the 
filter tube is warmed, and the experiment started by gently warm- 
ing the phosphorus until it is just ignited ; after about two minutes, 
when the tube has become warmed, the speed of the air stream is 
considerably increased. After five to ten minutes, phosphorus tri- 
oxide begins to appear in the condensation tube, which is cooled, 
if necessary, by a cloth dipped in ice-water. The experiment must 
be stopped before the phosphorus is completely burnt; if not, 
oxygen gets access to the phosphorus trioxide and causes oxidation. 
The crystalline nature and low m. p. of the trioxide are readily 
demonstrated; the oxidisability is shown by opening the tube in 
the dark, when a luminescence is shown which develops into active 
combustion when the tube is warmed or by dissolving the substance 
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ill carbon disulphide, so as to obtain a dilute solution, which is 
then poured on to filter paper. ’ 

The authors are led to the conclusion that phosphorus trioxide 
is always the primary product of the combustion of phosphorus, 
and that formation of the pentoxide is a subsequent reaction 
They therefore recommend the use of a rapid air current, since 
this ensures on the one hand a rapid combustion, and consequent 
complete removal of oxygen from the residual gases, and on the 
other a rapid withdrawal and cooling of the phosphorus trioxide, 
which is otherwise readily decomposed into phosphorus pentoxide 
and red products. 

The yield of phosphorus trioxide is only moderate, and the 
addition of indifferent gases, either before or behind the zone of 
combustion, does not effect sufficient improvement to justify the 
cemiplication involved. jq 


Inorganic Chemistry. 


Hypochlorous Acid and Chlorine Monoxide. Stepax 
Goldschmidt 52, [/^J, 753-76l).~Aqueous solutions 

of hypochlorous acid containing 25% of the acid are readily 
Obtained by distilling a mixture of chlorine hydrate and yellow 
mercuric oxide in a good vacuum; attempts to prepare the more 
concentrated solution or the anhydrous acid by distillation of this 
acid in a moderate vacuum, and condensation of the distillate in 
receivers maintained at 0% -20% and -80% led to an unexpected 
result, since in the first two vessels aqueous hypochlorous acid 
(-5/o) was collected, whilst in the third vessel pure chlorine mon- 
oxide was condensed (the pure monoxide has b. p. +8“8%/766 mm‘. 
and can only be preserved without decomposition for any length 
oi time at -80°). It therefore appeared that the aqueous acid 


contains tv^ systems in equilibrium: (1) HdO :=: H + OCl, and 
(2) HCiO — C^Oh HgO. The latter system has been investi- 
gated by agitating aqueous hypochlorous acid solutions of different 
concentration with an equal volume of carbon tetrachloride at 0°, 
separating the solutions, and estimating the active chlorine in each 
by titration with sodium thiosulphate after treatment with acidified 
potassium iodide solution. The equilibrium lies greatly in favour 
or the hypochlorous acid, so that an approximately A /5-solution 
contains 0*02% of the anhydride. 

The well-known greater oxidising power of hypochlorites in acid 

an in alkaline solution is probably due to chlorine monoxide 
contained in the former solutions. H. W. 



lit 228 


ABSTRACTS OB CHEMICAL PAPEES. 


FrBparation of Sulphuryl Chloride. A. Boake Eobb&ts and 
Co., Ltd., and Thomas Harold Dubrans (Brit. Fat., 124642).— 
Sulphur dio^de and chlorine, in equal volumes, are passed either 
together or alternately, and either continuously or intermittently, 
into a vessel containing a suitable catalyst. The temperature 
must be kept sufficiently low to prevent the catalyst and the 
sulphuryl chloride formed from volatilising, and sufficiently high 
to prevent the catalyst from solidifying. The sulphuryl chloride 
may be isolated by distillation or other suitable means. 

The following classes of substance are effective as catalysts, and 
do not require the aid of light or pressure, the mcKt suitable 
members of each class being placed within brackets : terpene hydro- 
carbons (pinene and limonene) ; esters which are compounds of 
saturated acids or of monohydro Ky phenols with monobasic aliphatic 
acids containing carbon, hydrogen, and oxygen only (methyl 
acetate, isoamyl formate, ethyl butyrate, phenyl acetate, phenyl- 
ethyl acetate, glyceryl triacetate, oils which are esters of glycerol, 
and also triphenyl phosphate and tritolyl phosphate) j ethers which 
are the mixed or simple saturated aliphatic ethers (ethyl ether, 
isobutyl ether, benzyl ether, tolyl ether), and the terpene ether, 
cineole (eucalyptol) ; the saturated monohydroxyphenols which con- 
tain only one benzene ring. The ethers, phenols, and esters are 
limited to those which contain carbon, hydrogen, and oxygen only, 
and no substituting groups except those containing only carbon 
and hydrogen, [See also /. Chem, 7nd.^ 1919, June,] 

H. W. 

Colloidal Selenium. Julius Meyer {Zeihch, Elektrochm., 
1919, 26, 80 — 82). — Colloidal selenium may be obtained by the 
action of dilute sulphuric acid on sodium selenosulphat© according 
to the equation NagSeSOj + H 2 SO 4 = Se + SOg + H^O -f Na 2 S 04 . A 
small quantity of sodium sulphite is dissolved in 5 c.c. of distilled 
water and boiled with an equal quantity of selenium for about 
half a minute, the solution is filtered, and about 1 c.c. of the 
filtrate diluted with a litre of water, treated with four to five drops 
of dilute sulphuric acid, and stirred. The solution becomes at 
once orange-yellow to dark red in colour, depending on the con- 
centration. Filtration through a Zsigmondy membrane gives a 
clear, colourless sol. The sols are very stable and not at all 
sensitive to moderate concentrations of acids. The particles are 
positively charged, and thus differ from the colloidal selenium pro- 
duced by the solution of selenium in hydrazine hydrate, which is 
negatively charged. A comparison of the two forms of colloidal 
selenium is given in the paper, and the suitability of the new 
form for lecture experiments is demonstrated. J. F. S. 

The Decomposition of Nitrons Acid. Joseph Knox and 
Douglas M. Reid (/. Soc. GKtm. Ind.^ 1919, 38, 105 — 108 t).— 
The nitrous acid solutions for these experiments were prepared by 
mixing solutions of nitric acid and sodium nitrite of known 
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strongths. The rate of decomposition of the nitrous acid was 
found to be profoundly influenced by the conditions. It is greatly 
accelerated when the amount of surface exposed to the actimi of 
air is increased, for example, by shaking in presence of excess of 
air. The excess of air is effective through removing by oxidation 
the nitric oxide produced in the reversible reaction, SHNOg 
HNO 3 + 2NO + HgO, thus allowing the balanced reaction to proceed 
in the direction from left to right. The nitric oxide can also be 
removed from the solution by the passage of a current of carbon 
> dioxide, the decomposition being accelerated almost as much as 
by a current of air. The influence of temperature on the rate of 
decomposition with, and without, excess of. air was studied up to 
50°, and the rate was found to increase rapidly with the tempera- 
ture. Free nitric acid, if present, accelerates the initial rate of 
decomposition of the nitrous acid, but appears to have a retard- 
ing influence in the later stages. The several series of experi- 
ments are illustrated by curves. E. H, R, 

Densities of Mixtures of Sulphuric and Nitric Acids, Paul 
Pascal and M. Garnier {Bull. Soc. chim., 1919, [iv], 25, U2— 145). 
—Tables are given showing the results of determinations of the 
density of sulphuric and nitric acids at different concentrations, 
and of mixtures of these acids in varying proportions and with 
varying proportions of water added. It is shown that, in the zone 
of mixtures used for nitrating cotton, the density is almost entirely 
a function of the water content. W. G. 

Baeyer's Strain Theory and the Structure of the Diamond. 

Ernst Mohr (7. pr. Ghem., 1918, [ii], 98, 315— 353).— A 
theoretical paper in which the stability of the cyclohexane ring is 
first considered ; it is shown that the number of known isomerides 
is readily explicable by means of Lachse’s model (in which the 
carbon atoms do not He in one plane) if, at the same time, a free 
or only partly hindered rotation is assumed. The ideas are 
extended to more complex rings, but the data are too restricted 
to allow any very general conclusions to be drawn. 

It is further shown that atom model systems can be constructed 
by the direct or oblique superposition of cyclohexane ring layers 
m the centre of which all valencies are saturated without strain 
and in which free valencies exist only at the surface. The diamond 
space lattice described by Bragg is then found to be identical with 
tie obliquely formed carbon atom system so derived. 

The existence of carbon rings which contain more than six*carbon 
atoms and which are free from strain is also considered, but the 
author is led to the conclusion that the strain in such systems 
cannot at present be predicted with any certainty, and is probably 
complicated by other factors. H. W. 

Attempted Synthesis of Carbonyl Sulphide by means 
of the Electric Spark. F. GonzAlez and E. Moles (Anal. Fis. 
Quim„ 1919, 17, 55—59), — The assertion of Chevrier {Compt, 
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rend.y 1869, 69 , 136) that sulphur vapour and carbon monoxide 
combine easily under the action of the electric spark to form 
carbonyl sulphide was tested by the authors. Pure dry carbon mon- 
oxide was passed in a sealed apparatus over the surface of sulphur 
heated at 110*^ and 260®, and there subjected to sparking. The 
gaseous products were cooled in various freezing mixtures, finally 
in liquid air. No trace of carbonyl sulphide was observed. An 
experiment under reduced pressure also yielded a negative result. 

W. S. M. 

Thermal Decomposition of Carbonyl Sulphide. Alfbed 
Stock and Paul Seehg (5er., 1919, 52, [.5], 681 — 694). — The 
thermal decomposition of carbonyl sulphide leads to the formation 
of carbon monoxide and sulphur on the one hand and to carbon 
dioxide and carbon disulphide on the other; assuming that carbon 
oxysulphide is immediately concerned with each equilibrium, the 
reactions may be written 2COS ^ 2CO + S2 and 2CX)S ^ CO^-f 
CS._,. Attempts have now been made to determine the equilibrium 
at 800°" and 950® respectively. For this purpose, a current of 
carbonyl sulphide is sent through an electrically heated quartz 
tube packed with quartz splinters and provided with a quartz rod 
to prevent backward diffusion of gas; the end of the quartz tube 
is drawn o)it to a capillary connected as closely to the furnace as 
possible with a quartz U -tube, which is immersed in a paraffiu 
bath maintained at 130®, and serves to retain the sulphur; the 
gases evolved are collected over mercury and analysed by the 
authors’ method (this vol., ii, 245). The effect of the rate of 
passage of gas (time of heating) and rapidity of cooling (length of 
capillary) has been investigated, from which it appears that the 
values observed approximate closely to the true equilibria values. 

At 800°, the reaction 2COS ^ CO2 + CS9 appears to proceed 
slowly in either direction, whilst the action 2COS ^ 2CO + S:, is 
very rapid. The fact that the carbon monoxide degree of dis- 
sociation is independent of the amounts of carbon dioxide and 
carbon disulphide present shows that carbon monoxide and sulphur 
(at any rate for the greater part) are primary products of the 
decomposition of carbonyl sulphide, and not formed secondarily 
from carbon dioxide and carbon disulphide. The CO.> degree of 
dissociation is about 48*5%, the CO degree about 45'5%, so that, 
at 800® and atmospheric pressure, the carbonvl sulphide is decom- 
posed to the extent of about 64%. At 950®, the corresponding 
figured are 43% for the COo degree of dissociation, at least /1% for 
the CO degree, and at least 76% for the dissociation of carbon 
oxysulphide. 

[With W. Ottmann.]— Preliminary experiments on the action 
of heat on mixtures of carbon dioxide and disulphide on the one 
hand and of carbon monoxide and sulphur on the other show that 
the same products are formed as when carbonyl sulphide is heated, 
and that a true case of equilibrium is presented. Similarly, the 
combustion of carbon disulphide with an insufficiency of oxygen 
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or of oxygen in carbon disulphide vapour yields a mixture of un- 
changed carbon disulphide, carbon dioxide, sulphur dioxide 
carbonyl sulpnide, and carbon monoxide. ’ 

The literature of the subject is also critically reviewed. 

H. W. 

St^msation ol DUute Sodium Hypochlorite Solutions 
(Dakin’s Solution). Glsss E. Colien and Roger S Hcbraru 
(.7. Biol. Cke^ 1919 37, 511-517)._The regulation ofTe 

alkalinity of Dakin s solution may be efficiently carried out either 
by means of buffer salts or by small amounts of alkali 0-5»/ 
Sodium hypochlorite, prepared by electrolysis of sodium chloride” 
may be stabilised for use by the addition of 0'5% borax of 0'5 to 
r0% of sodium carbonate mixtures of p,, 10 to 9-5, or by the 
addition of 0*2 gram of sodium hydroxide per litre. ^ J C D 

Electrolytic Preparation of DUute Sodium Hypochlorite 
Solutions (Dakin’s Solution), Glenjt E. Cullen and Roger S 
Hubbard (/. Btol. Chem,, 1919, 37, 519-523).-The influence of 
temperature on this process was investigated. . The optimum point 
of the curve representing the production of hypochlorite may be 
raised by raising the initial temperature of the brine. Increase of 
salt concentration lessens the internal resistance of the cell, and 
consequently increases the production of sodium hypochlorite per 
iniit of time. [See, further, /. Soc\ Chem. Im/., 1919, June.] 

’ J. C. D. 


The Stability of Javel Extracts. H. Fonzes-Diacon {Bull Soc. 
chim,, 1919, [iv], 25, 206 — ^208). — Javel extracts, containing 
5 grams of active chlorine per 100 c.c., lose very little of their 
activity when exposed to light in deep yellow bottles, even after 
four months. In colourless bottles, the loss is very marked, how- 
ever, Javel extracts of various strengths tending towards a common 
limit of about 1 gram of active chlorine per 100 c.c. W. G. 

Chemical Decomposition and Electrolytic Formation of 
Sodium Hyposulphite. K. Jellinbk and E. Jellinek (Zeitsch. 
'physM. CVfcm., 1919, 93, 325— 367).— The decomposition of 
sodium hyposulphite has been studied in aqueous solution and in 
solutions of sodium hydrogen sulphite of various concentrations 
Ht the temperatures 0®, 10°, 20°, and 30°. The reaction follows 
the scheme 2 Na 2 S .04 = Na.S-A + Na^SA; Na 2 SA + 
2 NaHS 03 . The reaction is bimolecular, and the constants have 
been obtained for the various temperatures. The dependence ^ 
the reaction constant on temperature and on the hydrogen sulphite 
concentration is given by the equation = in which A 

and B are constants. At constant temperature, the reaction con- 
stant is proportional to the square of the hydrogen sulphite con- 
centration. The electrolysis of sodium Kyposiilphite has been 
investigated, particularly in connexion with the factor^^ which 
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govern the hyposulphite formation. The electrolysis was carried 
out with electrodes of various metals, and variable quantities of 
sulphur dioxide were led into the solution. The concentration of 
sodium thiosulphate and the amount of hydrogen liberated were 
measured, and the dependence of these on the time of electrolysis 
determined . Solutions containing 7 — 8% of hyposulphite could 
be obtained. The processes which influenced the current yield 
were quantitatively explained, and the conditions for obtaining 
higher yields of hyposulphite indicated. J. F. S. 

Cryoscopic Study of Couples. Cadmium Iodide-Alkali 
Iodide. E. Cornec and G. XJrbain {Bull. Soc. chim.^ 1919, [iv], 
26, 137 — 142).— For the most part a more detailed account of 
work already published (compare A., 1914, ii, 428). A cryoscopic 
study of the couple cadmium iodide-hydrogen iodide in aqueous 
solution reveals the existence in aqueous solution of the acid salt 
Cdl2,2HI. W. G. ' 

The Preparation of Cadmium Suboxide. Henry Georgs 
Denham (T., 1919, 115, 556—559). 

New Preparation of a very Dissociable Calomel. Paul 
Duret {Ann. Inst. Pasteur^ 1919, 33, 174 — 176). — Calomel may 
be prepared in a light, voluminous form having a high degree of 
purity by the following process. A solution containing 6 grains 
of sodium hydrogen carbonate and 10 grams of' dextrose in 80 c.c. 
of water is added to a solution containing 7‘5 grams of crystalline 
magnesium chloride in 20 c.c. of water, and this mixture is added 
to a solution containing 1T5 grams of mercuric chloride and ten 
drops of hydrochloric acid in 100 c.c. of wator in a flask. When 
the reaction has ceased, the mixture is heated on a water-bath 
until all the carbon dioxide is evolved. The finely divided pre- 
cipitate of mercurous chloride is then collected and washed with 
water. In this form it possesses greater germicidal powers than 
the ordinary preparations when used in prophylactic ointments or 
anti-syphilitic injections. W. G. 

Regeneration of Nessler’s Solution. D. Pullman {Analyst, 
1919, 44 , 124 — 125). — Residues from the estimation of ammonia 
by Nessler's method are neutralised and treated with a solution of 
a soluble mercuric salt in amount equivalent to the iodine present. 
This precipitates mercuric iodide, which may be washed, dried, 
and used for the preparation of a modified Nessler’s solution. This 
is made by adding metallic zinc to mercuric iodide suspended in 
hot water, when the reaction, Zn-i- 2 Hgl 2 =ZnHgl 4 -bHg, takes 
place. The zinc mercuric iodide remains in solution, and, after 
filtration from the mercury, is treated with sodium hydroxide in 
sufficient quantity to produce the reagent. Experiments have 
shown that Nessler’s reagent thus prepared can replace the ordinary 
solution containing potassium mercuric iodide. [See also J. Soc. 
Chem. Ind., 1919, Tune.] C. A. M. 
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Mdrciiric Sulphoxychloride. Sih Pbafulla Chandra RAt 
and Pbafulla Kumar Sen (T., 1919, 115, 552*-556). 

Manganates and Permanganates. I. Course of the 
Reaction between Manganese Dioxide, Potassium Hydr< 
oxide, and Oxygen, and the Manufacture of Potassium 
Manganate. H. I. Schlbsingeb, R. B. Mullinix, and S. Popofp 
(J. lUng. Chem.f 1919, II, 317 — 323). — When manganese 
dioxide is heated with potassium hydroxide in a current of air, 
complete oxidation is frequently attained only by re-moistening 
and re-heating the mixture. The yield of potassium manganate 
varies with the proportion of potassium hydroxide present; at 
about 300°, practically all the manganese dioxide is converted into 
manganate when two molecules of potassium hydroxide are used 
for each molecule of manganese dioxide. Mangani -manganates 
are not formed under these conditions, but larger amounts of 
potassium hydroxide cause the manganate to decompose into 
raangani-manganate (compare Sackur, A., 1911, ii, 400). The 
yield of manganate is lowered when sodium hydroxide is used in 
place of potassium hydroxide. It is important that the manganese 
ores used should be powdered as finely as possible. [See, further, 
./. Soc. Chem. Ind., 1919, 321a.] W. P. S. 

Complex Compounds of Tervalent Iron with Hypo- 
phosphorous Acid. R. P. Weinland and Walter Hieber (Ber., 
1919, 52, [.S], 731 — 741). — In a previous communication {Zeit. 
amrg. Chem., 1919, 106) it has been shown that tervalent 
iron forms a complex cation with hypophosphorous acid, 
[Fe3(H2p02){}]^^^ It is now established that a similar complex 
anion can also ex^t. If the basic ferric hypophosphite, 
Fe 3 (H 2 P 02 ) 8 * 0 H, is dissolved in warm concentrated solutions of 
alkali hypophosphites and the solutions are allowed to evaporate, 
pal© reddish-violet crystals separate having the composition 
Fe(H2P02)g,2K(Na)H2P02,H20. The molecule of water is firmly 
retained. The properties of these salts lead the authors to ascribe 

to them the constitution |^Pe^^^^2)5jK2(N’a2). When the salts 
are dissolved in water, a basic ferric hypophosphite is precipitated, 

4/“^ Yo ^‘1^2 = + 

* H3 POj + 6KH,POs, + 2HjO, 

a complex cation being thus transformed into a complex anion; 
the latter is only stable in solution in the presence of a large excess 
of alkali hypophosphite, and the composition of the basic salt, varies 
somewhat. 

Since hypophosphorous acid and ferric iron can thus combine to 
form both complex acid and complex base, it is to be expected that 
these will combine with one another to yield salts which appear 
to be ferric hypophosphites. Their constitution follows from their 
mode of formation. Thus, if concentrated ferric chloride solution 
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is slowly added to warm concentrated alkali hypopiiosphite, the 
ferric hypophosphite formed is immediately dissolved, yielding the 
complex pentahypophosphito-ion ; on continued addition, however, 
a sudden precipitation occurs, and further precipitations can be 
obtained from the succe^ive filtrates. These salts are all feebly 
basic or practically neutral, the composition of which varies 
'between Fe:H2p02 = l :2’71 and 1:2*86. Salts are thus obtained 
containing (i) two hexahypophosphito-cations, one pentahypo- 
phosphito-anion, and two hypophosphite radicles ; (ii) a similar salt 
containing three hypophosphite radicles, and (iii) a salt composed 
of one complex anion and cation. Similarly, when a solution of 
ferric hypophosphite in hypophosphorous acid (50%) is evaporated 
over sulphuric acid, a salt is obtained containing one triferrihexa- 
hypophosphito-cation and one pentahypophosphito-anion, and 
either three or four molecules of hypophosphorous acid. 

The ability of hypophosphorous acid to yield both complex 
anions and cations with ferric iron is shared only by formic and 
salicylic acids ; the reason may possibly lie in the somewhat similar 

structure, H’C^QIjandHj. of formic and hypophos- 
phorous acids. H. W. 

The Normal Nitrides of Nickel and Cobalt. A. C. Vournasos 
(Vompt, rend.y 1919, 168, 889 — 891 ). — Nickel nitride, Ni 3 N 2 , is 
readily obtained if a mixture of anhydrous nickelous oxide and 
anhydrous nickel cyanide in the proportion of 1:0’74 is dropped 
in small quantities at a time through an arc between two carbon 
electrodes in an atmosphere of nitrogen, providing the temperature 
of the arc is near 2000°. The nitride so obtained is not magnetic. 
It burns in oxygen, giving nickelous oxide and nitrogen peroxide. 
It is decomposed when heated in chlorine, and also by nitric and 
hydrochloric acids. It is not decomposed by boiling water. 

Cohalt nitride, CogKg, a brown powder, may be similarly pre- 
pared, and possesses similar properties. W. G, 

Existence of ^soTungstic Acid. P. Barbe {Mon. Sd.^ 1919, 
[v], 9, i, 73 — 75). — Results of a critical research led the author to 
the opinion that zsotungstic acid and ammonium jsotungstate do 
not exist; the ammonium iVotungstate described by Gerber (A., 
1917, ii, 575) was actually ammonium sodium tungstate. The 
author has v/orked for some years on tungsten, and, without going 
as far as to deny the existence of neotungsten, states that he has 
never met with a specimen of the metal having a molecular weight 
higher than usual. [See, further, .7. Soc. Oh cm.. Ind. 1919, June.] 

W. P. S. 



MINERALOQICAL CHEMISTRY. 


ii. 235 


Minaralogical Chemistry. 


Oruetite, a New Sulphotelluride of Bismutla. S. Plna dk 
Rubies {Anal^ Fis. 1919, 17, 83 — 87). — This mineral, dis- 

covered in the Serrama de Ronda, in Spain, occurs on dolomite in 
laminar masses accompanied by scheelite, pyrites, mispickel, 
limonite, bismuthite, and native bismuth. The laminae show a 
brilliant steel -grey, metallic lustre, and are easily exfoliable. 
Hardness, 1*5—2. Density, 7-6. The resemblance to tetradyraite 
is very marked. The mean of seven analyses gave; Bi 86*78%, 
Te 6 ’35%, S 6*84%. This analysis is in agreement with the formula 
BisTeS4. A study of the ternary system bismuth-sulphur- 
teliurium shows the existence of the compounds Ei^Sg, BigTe^, and 
Bi-^TegjBigSg (Amadori, A., 1918, ii, 366), the naturally occurring 
sulphotellurides, tetradymite (variety with sulphur), joseite, griin- 
lingite, oruetite, Being regarded as eutectic mixtures. The author 
proposes the following representation of these eutectics : tetradymite 
(with sulphur), Bi2Te3,Bi2S3 — BigTe^; joseite, Bi2Teg,Bi2Sg — 5Bi?; 
o-iiiiilingite,’ BijiTeg.BigSg — 2Bi2S3-^Bi ; oruetite, 

Bi2Te3,Bi2Ss— SBioSg— 14Bi. 

W. a M. 


Hydrated Ferric Oxides. Euabn Posxjak and H. E. Merwin 
(^Amer. J. Sci.^ 1919, [iv], 47, 311—348). — Analyses of a number 
of naturally occurring hydrated ferric oxides, from mai5y locali- 
ties, have been made, and the detailed results given in the paper. 
Dehydration curves and specific gravities of some of the specimens 
have been obtained. The experiments show that there is only one 
hydrate of natural ferric oxide, and this is the monohydrate. The 
descriptions given in the literature of a series of hydrates ranging 
from PegOgj^HgO to Ee203,3H20 are therefore erroneous. The 
inonohydrate occurs in nature in two polymorphic forms, goethite 
and lepidocrocite, and in an amorphous condition, limonite. 
(joHhite is orthorhombic, n: 6 : c=0*91 ; 1 :0’602, D 4‘28±0’01, 
a 2-26, j8 2’394, y 2’400; it has a dull orange-yellow streak and a 
faint pleochroism. Lepidocrocite is orthorhombic, a:b:c~ 
()’43; 1:0-64, D 4*09 ±0-04, a 1*94, /3 2’20, y 2*51; it has a dull 
orange streak and a very strong pleochroism. Lhwnite is essenti- 
ally isotropic ferric oxide monohydrate with adsorbed and capillary 
water. The fibrous mineral turgite is variable in composition, and 
is probably a solid solution of goethite in haematite with enclosed 
and adsorbed water. No definitely crystallised synthetic hydrated 
ferric oxide has been prepared, and only two types of amorphous 
iydraled ferric oxide exist, one yellow and the other reddish-brown. 
The yellow substance is essentially ferric oxide monohydrate, whilst 
file reddish-brown substance may hold its water either in a dis- 
solved or an absorbed condition, or both. J. E. S. 
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Turite ( = Turgite) and other Iron-Ores from Nova Scotia. 

L. J. Spenceb {Min. Mag., 1919, 18, 339— 348).— The group of 
ferric hydroxide minerals include the following species (hematite 

heinp added to complete the series) : 

® H 50 %. Sp. gr. 


Haematite 

Turite 

Gloethite 

Hy drogoethite . 

T.im nnitfl 

Xanthosiderite ... 

Limnite 

Esmeraldute 


Fe20s 

2Fe303,Hj0 

Fe^O^H^O 

3Fe,03,4H,0 

2Fe303,3H20 

re20„2H20 

FeaGa^HgO 

Fe203,4H20 


00 5*2 

5-3 4*3 

101 4*2 

13*1 3*7 

14*5 3*9 

18*4 — 

25*3 2-8 

31T 2-6 


Of these, goethite is the only one that occurs as distinct crystals; 
the remainder have sometimes been regarded as colloids of in- 
definite composition, and in some of the recent text-books are 
treated all together under limonite. Turite and liraomte possess, 
however, a fibrous, crystalline structure with definite optical 
characters, and their dehydration curves are quite distinct from 
one another and from that of goethite. Turite (the more familiar 
spelling, turgite, is an incorrect German transliteration from tlie 
Kussian) usually occurs as a layer on limonite, and forms hard 
IH = 6i), lustrous, mamillated or botryoidal masses with a radially- 
fibrous and concentric-shelly structure. It is black with often a 
reddish tinge of colour and a brilliant sub-metallic lustre; the 
streak is dark cherry-red, and very thin fibres transmit a crimson 
colour. It decrepitates violently when heated. 

The other Nova Scotian iron ores include magnetite, haematite, 
chalybite, mesitite, ankerite, ^ and brilliant pseudomorphous 
crystals of haematite after goethite. L- J- S. 


The Occurrence of Polyhalite in the Older Zechstein 
Potassium Salt Deposits in Relation to Van’t Hofi’s Con- 
clusions. M. Rosza (Zeitsch. amrg. Chem., 1919, 106, 167--170). 

The occurrence of primary and secondary deposits of polyhalite, 

Ca9K,Mg(S04)4,2H20, is in general agreement with what is to he 
expected from van’t Hoff’s work. The salt is met with in almost 
ail potassium-containing parts of the older Zechstein salt deposits, 
with the exception of the carnallite layers. As a primary deposit, 
it is found here and there in the “ Steinsalz.’^ Klsewhere, as in 
the kieserite transition zone of the Stassfurt carnallite layer, it i3 
represented hy its decomposition products, anhydrite, kiesente, 
sylvine and carnallite, formed through the infiltration of 
rich in magnesium chloride from the carnallite region. Where 
the carnalfite-kieserite layers have undergone 
change, the conditions may have become favourable tor the torm- 
ation of polyhalite as a secondary deposit. Where hard salt 
formation has taken place under conditions which would preclud 
the formation of polyhalite, or where only a purely thermal deco 
position of carnallite has occurred, no polyhalite is found._ me 
presence of polyhalite is of great importance from the pom^ 
view of chemical genetics. 



MINEBALOGICAL CHEMISTRY . 


ii. 237 


The Presence of Boron in some Natural Basic Silicon 
aluminates. A. Lacroix and A. de Gramont {ComfU rend,, 1919, 
168, 857 — 861).— A spectrographic study of three basic silico- 
aluminates from Madagascar, saphirine, grandidierite, and 
kornerupine (compare A., 1912, ii, 1182), revealed the presence of 
boron, and this was confirmed by a further chemical analysis. The 
boron content of the minerals increased in the order named. The 
authors consider that boron replaces aluminium isomorphously in 
these minerads. A number of other silico-aluminates were also 
examined spectrographically. Boron was found in dumortierite 
and certain idocrases, whilst in other idocrases its presence was not 
detected. Similarly, it could not be detected in andalusite, sillr 
manite, disthene, or in the natural hydrated aluminas examined. 

W. G. 

Ferrierite, a New Zeolitic Mineral, from British Columbia. 

R. P, D. Geaham {Trans. Eoy. Soc, Canada^ 1918, [hi], 12, 
Sect. IV, 185 — 190). — The mineral occurs in veins of chalcedony 
and calcite in decomposed basalt on the north shore of Kamloops 
Lake. It forms white, spherical aggregates of colourless, ortho- 
rhombic blades with a perfect pearly cleavage parallel to (100), 
D 2T50, H 3 — 3^, a 1'478, jS T479, y T482. Analysis of the 
transparent blades carefully freed from chalcedony gave : 

Si02. Al^Og. CaO- MgO. Na^O. K 2 O. H 2 O. Total 

69T3 11*44 nil 2*92 3'97 0-36 13*05 100*87 

corresponding with Clarke's general formula for ptilolite and 
mordenite, namely, Al 2 (Si 205 ) 5 il '4 + GHgO, where Il^ 2 =Mg, Nao, 
Hg. Ferrierite, however, differs from all other zeolites in contain- 
ing magnesium in place of calcium. The mineral commences to 
lose water at or below 100°; about half is lost at 205°, whilst at 
5’71% is still retained, and is probably in part basic. 

L. J. S. 

Scapolite from the Kiruna District, Swedish Lapland. 

hhLS SuNDiTJS (Akad. Ahhandl. Upsala, 1915, 197 — 224, and 
VetenskapUga och praktiska undersokningar i Lappland, anofdnade 
av Luossavaara-Kiirunavaara Aktiebolsg ; from Jakrh. Min.^ 1918, 
Ref. 255 — 257). — The rocks of this district are rich in scapolites, 
which are very fresh and form fine-grained masses or large, pris- 
matic aggregates. They have been produced by regional pneu- 
matolytic metamorphism, the chlorine, carbon dioxide, and 
sulphur tri oxide having been introduced by magmatic emana- 
tions, whilst the other constituents have been derived from the 
felspars of the pre-existing rocks. Analysis I is of scapolite from 
amphibolite at Vah^ive, II from greenstone at Pabtosvaara, and 
ni from scapolite-diopside-araphibolite at Kalpivaara. 

SiOg. Al^Og. FejOg. CaO. Cl F. SO,. CO.^. Sp. gr. 

I. 48*52 27*63 0-25 13*31 1*24 — 0*55 n.d. 2*710—2*720 

II 54*82 22*49 — 7*37 3*04 — 0*66 md. 2*632 

III 57*31 22*07 — 6*27 3*49 0*02 0*25 0*34 2*610 

VOL. OXVI. ii. 9 
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The relation between the optical constants and the composition of 
these materials is shown in another paper by the- same author (this 
vol.iii, 163). L. J. S. 


Viridine and its Relation to Andalusite. E. A. Wolfing 
(Sitzung^hcT . Heidelberg. Ak<id. Wiss.j Math. 'not. Kl.^ 1917j 
Abh. 12; from Jahrb. Min., 1918, Eef. 259— 261).— Viridine from 
DarmsUdt (D 3-220) was described by G. Klemm (A., 1913, 
ii, 423) as a green variety of andalusite containing FegOa 4*16 and 
MmOn 4*77%, the formula being (Al,Mn,Fe) 2 Si 05 , and a similai 
mineral (D 3’205) from Vestam, Sweden, was described by 
H. Backstrdm under the name manganandalusite (A., 1897, 
ii,'271). These are compared optically with the ordinary type of 
red andalusite (D 3*154) and with greenish-yellow andalusite from 
Brazil (D 3-162, which has not been analysed, but is probably 
similar to the red andalusite). Viridine is optically positive with 
y = c, whilst andalusite is optically negative with a = C. On account 
of this difference, viridine is considered to be distinct from 
andalusite, and consequently AhSiOs is regarded as tetramorphons, 
as represented by the minerals kyanite, sillimanite, andalusite, 
and viridine. 


The Pelham Asbestos Mine, Massachusetts. Earl V. 
Shannon (Amer. Mm., 1919, 4, 37-39).-Various minerals an 
developed at the junction of an intrusive mass of pendotite 
(saxonite) in acid gneiss at this locality. The outer portion of the 
saxonite is changed to fibrous anthophyllite, which is here mined 
as asbestos. Associated with biotite is a saponaceous, silvery, 
bluish-green mineral composed of fine scales; on drying, it become^ 
opaque and pale olive-green. Analyses I and II of maferial 
slinhtly contaminated with biotite and actinolite prove that this 
is “the “pelhamite” of J. P. Cooke (1875), which is classed oy 
Dana as a vermiculite. 


H,0 

SiO,. A .\, 0 ,.' Fe , 0 ,. CB0 . <105^ 

I. 40*08 21 65 3 o9 0*58 20-12 3*79 

II. 38-88 19*27 3*99 — 22*66 3*36 


H.0 

> 105°. Total. 
7*83 97*64 
9-54 97*90 


The Orisrin of Septarian Structure. W. Alfred Kicwbdsos 
(Min. Mag , 1919, IB. 327-337).-The origin of the of 

polygonal cracks in septarian nodules is discussed in detail. 
Lpansion and contraction theories are dismissed, and it is c® 
eluded that the cracks are due to the desiccation of ^ 
centre by chemical means. Similar structures are produced 
artificially when pats of clay are air-dried or immersed in a cor^ 
centrated solution of calcium chloride. The P 

analyses are of I«, the exterior portion, and B, 
tion, of an ironstone septanum from the Lias at 
Lincolnshire, and II of the clay in which the nodules are embe 
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III of a limestone septarium from Nottingham shire, a the exterior, 
h 1 inch from the outside, and c the centre. 


SiOg. 

AljO.,,. 


CaO. 

Ia. 24'7 

18*6 

34*3 

— 

16. 13'1 

35*1 

4-7 

22-9 

a 63 ' 1 

31-1 

7'3 

. — 

Ilia. 12-3 

trace 

7-3 

36*3 

III6. 8*0 

2-0 

3*9 

45*3 

IIIc. 4-5 

4*0 

3-5 

46-0 


The nodules probably originated by the rhythmic precipitation 
of solutions diffusing through a colloid according to Liesegang’s 
laws, L- J- S- 


Analytical Chemistry. 


A Simplification of the McLean-van Slyke Method for 
Estimation of Plasma Chlorides. Donald D. van Slyke and 
John J. Donleavy (J. Biol. Chem., 1919, 37, 551 — 555). — The 
method previously described (A., 1915, ii, 573) hag been simplified 
by reducing the number of filtrations necessary. The standard 
silver nitrate solution is made up to contain, in addition to the 
nitrate, 7'5 grams of picric acid per litre. This solution pre- 
cipitate, s both protein and chlorides simultaneously. The excess 
of silver in the filtrate is titrated with potassium iodide. 

J. C. D. 

Indirect Electrolytic Estimation of Anions without 
Platinum Electrodes. E. Lasala {Anal. Fis. Qiiim., 1919, 17, 
83— 95), —The present preliminary investigation is concerned with 
the estimation of chloride, bromide, and iodide. The halogen is 
precipitated as silver haloid by means of a 5% solution of silver 
nitrate. The precipitate is filtered through glass wool and dis- 
solved in 20% solution of potassium cyanide to which a little 
sodium hydroxide is added. The solution is electrolysed with a 
nickel-plated copper cathode and a rotating iron anode. Towards 
tbe end of the electrolysis, the electrolyte is heated nearly to boil- 
ing, The results are most satisfactory. The cathode is prepared 
by electrolysis of an ammoniacal solution of nickel sulphate. 

W. S. M. 

lodometric Studies. The^Starch-Iodine Reaction. 1. M. 

Kolthoff {Pharm. Weekblad, 1919, 56, 391 — 404). — A systematic 
investigation of the sensitiveness of the starch-iodine reaction 
under varying conditions. The sensitiveness ia increased by the 
presence oF salts, especially potassium iodide, and acids (A., 1895, 
b 79). Increased temperatures and presence of organic substances 

9—2 
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such as alcohols, albumin, etc., diminish the sensitiven^. Xhe 
magnitude of the correction to be applied in the titration of dilute 
iodine solutions with dilute thiosulphate solutions, and vice versa, 
was determined. The correction is a minimum in hydrochloric 
acid solution to which a little potassium iodide has been added. 

W, S. M. 

The lodometric Estimation of Bromate (and lodate). 

I. M. Kolthoff {Pharvi, Weekhlad, 1919, 56, 426—438). — In the 
titration with thiosulphate solution of bromate solutions to which 
potassium iodide has been added, the concentrations of bromate 
and iodide are factors of little importance. It is essential, how- 
ever, that sufficient acid be present in the mixture. The minimum 
concentration required in the solution is 0*5iV for hydrochloric 
acid and about I' ON for sulphuric acid if titration is carried out 
immediately after the addition of the iodide. If too little 
acid is present, oxidation of the thiosulphate directly to sulphate 
takes place: SHBrOg + 6H2S2O3 + HgO = IOH 3 SO 4 + 461 . or 
4 HBr 0 g-f 3 H.SA + 3 H 20 = 6 H 2 S 04 + 4HBr. In either case, too 
little of the thiosulphate solution is required. The error may he 
avoided by allowing the mixture to remain some time before titra- 
tion, or by the addition of a catalyst. The best catalyst is 
ammonium molybdate in both strong and weakly acid solutions. 
The catalytic effect of ferrous sulphate and potassium dichromate 
is negligible in strongly acid solutions, but is more marked in 
weakly acid solutions. Light has a positive catalytic effect. Salts 
such as sodium chloride and sodium sulphate retard the reaction. 

The reaction between iodate and iodide is much more rapid than 
that between bromato and iodide, and therefore the iodometric 
estimation of iodates is not attended by the difficulties arising in 
the latter case. 


A Simple Form of Apparatus for Estimating the Oxygen 
Content of Air from the Upper Atmosphere. Francis William 
Aston (T., 1919, 115, 472—475). 


Sodium Pyrogalloxide Solution as an Absorbent for 
Oxygen. G. W, Jones and M. H. Meighan (/. Ind. Eng. Um., 
1919 11, 311— 316).— The rate of oxygen absorption in soffium 
pyrogalloxide solutions increases with the dilution of the sodium 
hydroxide; for any given concentration of sodium hydroxide, Ue 
rate of absorption is proportional to the concentration of tt 
pyrogallol. Carbon monoxide is evolved from the solufaon 11 
sodium hydroxide solution used has a specific gravity 0 .. 

1-30; all sodium pyrogalloxide solutions 

the sample under examination contains more than 95% ot 0 ^ • 
A reagent which evolves the minimum quantity of carbon moi 
oxide and has a fairly high rate of absorption is made hy dissolvi g 
sodium hydroxide in its own weight of water and adding P 
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of this solution to two parts of a solution containing 1 gram of 
pyrogallol in 3 c.c. of water. 

The Relation between the Oxygen Concentration and 
Rate of Reduction of Methylene-blue by Milk* E. Newton 
Haevey {J. Gen. Physiol., 1919, 1, 415 — 419). — The rate of reduc- 
tion and decolorisation of methylene-blue by milk in the presence 
of an aldehyde is proportional to the oxygen concentration. It is 
suggested that this fact might be made the basis of a method for 
determining the oxygen content of gaseous mixtures. Carbon 
dioxide present in concentrations up to 5% does not affect the 
leduclug action of the milk. J. C. D. 

Method for the Identification of Sulphur-Oxygen Com- 
pounds. A. h::>ANi)EB {Chevi. Zeit., 1919, 43, 173. Compare A., 
1915, ii, 161). — Sulphates, sulphites, hydrogen sulphites, thio- 
sulphates, sulphides, and polythionates may be identified by their 
different behaviour towards mercuric chloride, this reagent also 
serving, to a certain extent, for the identification of the com- 
pounds in the presence of each other. The following reactions 
result when the compounds are treated with an excess of mercuric 
chloride solution. Sodium Sulphate. — Mercuric sulphate and 
sodium chloride are formed, and the solution remains neutral in 
reaction. Sodium. Sulphite . — The solution remains clear and is 
alkaline towards methyl-orange before and after the addition of 
mercuric chloride; when the mixture is boiled, it becomes acid 
and calomel ds precipitated. Sodium Uydrooen Sulphite. — No 
precipitate; boiling produces a precipitate and the mixture remains 
acid. Sodium Sulphide. — A black precipitate, which rapidly 
becomes white owing to the formation of a siilphochloride ; the 
mixture has a neutral reaction before and after boiling. Sodium 
Thiosulphate. — As in the case of a sulphide, a white precipitate 
forms, but the mixture becomes stronsflv acid ; it remains acid 
when boiled. Sodium Polvthiouate. — Behaves like sodium thio- 
sulphate towards mercuric chloride, but may be distinguished from 
the latter in that it does not decolorise iodine solution and does 
not ffive a precipitate of sulphur when acidified. Sulphite and 
polythionate cannot exist together in the same solution. 

W. P. S. 


Volumetric Estimation of Sulphurous Acid. Thos. J. I. 
Craig (/. Soc. Chem. Ud., 1919, 38, 96t).— The sulphurous acid 
solution is added to a known excess of hydrogen peroxide solution 
acidified with dilute sulphuric acid, and the excess of hydrogen 
peroxide is then titrated with standardised notassium permanganate 
solution. The reaction proceeds according to the equations 
SO, -f H20., = HoSO„ and 5H,0., -p 2KMn0.t -i- 3HnS0, =^^^80^ P 
2 MuS04H-8H20-i- 50.,. The method may also he applied to solu- 
tions containing sulphites or hydrogen sulphites. W. P. S. 



ii, 242 ABSTRACTS OF CHEMICAL PAPERS. 

Estimation of Total Nitrogen, including Nitric Nitrogen 
[in Soil i^tracts], B. S. Davisson and J. T. Parsons (J. Ind. 
Eng. Ckem., 1919, 11, 306— 311).— The method recommended 
consists in boiling the soil extract solution mth a quantity of 
sodium hydroxide sufficient to make the alkalinity approximately 
iV/lO, reduction of the nitric nitrogen being effected by the addi- 
tion of Devada’s alloy. The boiling flask is connected with an 
absorption tube containing an excess of sulphuric acid (4:1). The 
contents of the absorption tube are then washed into the flask, 
the mixture is evaporated until charring commences, potassium 
sulphate is added, and the digestion continued. The ammonia 
formed is distilled after the addition of sodium hydroxide and 
sodium sulphide. [See, further, J. Soc. Chem, Ind.^ 1919, 332a.] 


Estimation of Nitrous Acid and Nitrites. J. S. Laird and 

T. C. Simpson (/. Amer, Chem. Soc., 1919, 41, 524 531). — The 
volumetric methods for the estimation of nitrous acid and nitrites, 
as described in the literature, have been experimentally examined 
and shown to be imsatisfactory. The authors have devised a 
method for estimating nitrites which consists in the oxidation of 
the nitrite in acid solution with excess of potassium permanganate, 
reduction of the excess of permanganate by an excess of ferrous 
sulphate, sodium oxalate, or hydrogen peroxide, and titration of 
the excess of the reducing agent by permanganate. In the actual 
estimation, the nitrite is run slowly into the excess of perman- 
ganate. acidified with 1 : 4-sulphuric acid, and constantly shaken. 
The titration is not interfered with by moderate amounts of 
chloride or small amounts of bromide. Silver nitrite is not a 
satisfactory material for use as a standard in nitrite estimations. 
A satisfactory standard solution may be made by titrating sodium 
nitrite solution with potassium permanganate according to the 
method described above, or sodium nitrite solution may he 
standardised gravimetrically by the reduction of silver bromate to 
silver bromide according to'^Busvold s method (A., 1914, ii, 1441. 

J. F. S. 


Gravimetric Estimation of Phosphoric Acid as Magrnesium 
Pyrophosphate. Z. Karaoodanow (Zdisch. anal. Chem., 1918, 

57^ 497 5411.— An investigation of the different methods 

employed for the precipitatioii of phosphoric acid as ammonium 
magnesium phosphate previous to the conversion of the precipitate 
into magnesium pyrophosphate. To a slight extent, the precipi a 
tion depends on temperature, rate of precipitation, and 
of varving Quantities of magnesium chloride, ammonium chlori , 
etc.: the differences in the final results are 
The lack of a more trustworthy method for the f 

]. boric acid and the difficulty of obtaining a ® of 

phosphorus content render it imp^sible to sav which _ 
precipitation gives the true quantity of phosphoric a<^ ^ ^ 
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Gravimetric Analysis. X ^ XII. Estimation of Phos- 
phone Acid. h. W, W IS Ki'RR (^eitsch. angexo, Ghem 1919 32 
98-101).--Precipitation of phosphoric acid as ammonium ’ mai 

nesium phosphate and weighing it as such or after ignition to 
magnesium pyrophosphate, yields trustworthy results. The presence 
of large quantities of potassium and sodium chlorides does not 
influence the results when the precipitate is weighed in the form of 
ammonium magnesium phosphate, hut when the precipitate is 
converted into pyrophosphate, the result is too high if potassium 
chloride was present m the solution. [See, further J Sne Chrm 
/W., 1919, 391a.] ’ p g 


Estimation of Arsenic in Volatile Cacodyl Compounds. 

L. C. Maillard (Bull. Boc. chin., 1919, [iv], 25, 192-^200) —The 
method is based on the oxidation of the ’caco’dyreompound to 
cacodyhc acid, and subsequently to arsenic acid. The arsenic is 
then separated in the usual manner by precipitation as magnesium 
ammonium arsenate, and weighed as pyroarsenate. For the first 
stage of the oxidation, a suitable weight of the cacodyl compound 
in a sealed bulb if liquid or in a narrow tube if solid, is intro- 
duced into a flask containing 3 grams of ammonium persulphate 
30 c.c. of water, and 10 c.c. of sulphuric acid. The flask is quickly 
closed with a ground-in stopper and thoroughly shaken until the 
air in the flask, at first doudy, is quite clear. Ten c.c. of fujuino- 
mtric acid are now added, and the estimation proceeded with iS 
the usual way, the arsenic beinor first precipitated as its sulphide 
if necessary and then redissolved before finally precipitating it as 
the double arsenate. The, method was applied to cacod.yl chloride 
and found to be simple and accurate. W G ^ 


Gravimetric Analysis. XI. XIII. Estimation of Arsenic 

Acid. L. \\ . Winkler [Zp.itsch. angew. Chem., 1919, 32, 122—124). 
—Two methods are described for the estimation of arsenic acid. 
In the first the arsenic acid is treated with potassium .thiocyanate, 
nen with hydrosjen sulphide, and the precipitate, consisting of 
arsenic trisulphide and sulphur, is collected, dried at 100° and 
weighed: AsA + 2KCKS = 2KOCN + AsA + S, ; AsoOq + 3AS- 
3H.O. The second method consists in the precipitation of 
the arsenic acid as ammonium magnesium arsenate ; details of the 
procedure are given in full. Arsenious acid solutions may be 
widised by hydrogen peroxide in the presence of ammonia, and 
the arsenic then precir-itated as ammonium magnesium arsenate, 
[►see, further, J. Soc. Chew.. Ind., 1919, iTune.] W. P, S. 

Selection of an Indicator for the Acidimetric Estimation 

?Qio «« Johannes Prescheb {Zeitsch. Nakr. Genussm., 

1918 36, 283— 286).— Phenolphthalein is considered to be the most 
^suitable indicator for the purpose. "W. P. S. 
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Electrical Precipitator for Analysing Smokes. Kichahd C. 
Tolman, L. E. Reyebson, A, P. Bkooks, and H. D. Smyth (7. 
Imcr. Chem. Soc., 1919, 41 , 587 — 589). — A modified form of the 
Cottrell precipitator is described which has been used for removing 
the solid particles from smokes. The apparatus consists of a glass 
tube 1*6 cm. in diameter and 25 cm. long, a thin aluminium foil 
cylinder 0*025 mm. thick is placed in the glass tube and constitutes 
the anode, and a cathode consisting of a No. 25 platinum wire 
threaded with a jeweller’s die passes centrally down the aluminium 
cylinder. Entrance and exit tubes for the smoke are attached at 
the ends. A high-voltage circuit (15,000 volts) is attached to the 
electrodes, and a corona discharge produced; sparking must be 
avoided. The smoke is then admitted at the rate of 5 litres per 
minute, when the negatively charged particles are deposited on the 
aluminium foil. The weight of particles is determined by weighing 
the anode before and after the precipitation. T. F. S. ^ 

Characterisation and Estimation of Carbonyl Chloride. 

Andre Kung and Rene Schmutz (Compt, rend., 1919, 168 
7T3 — 775). — Carbonyl chloride readily reacts with an excess of 
aniline in saturated aqueous solution to give diphenyl carbamide 
and aniline hydrochloride. Thus a trace of carbonyl chloride in 
air may readily be detected by bubbling 5 litres of the air at the 
rate of 1 litre in five minutes through the aqueous solution of 
aniline, and characterising the precipitate microscopically and by 
its m. p. as diphenylcarbamide, which is practically insoluble in 
water. Bv this means, rarbonvl chloride may be detected in the 
air at a dilution of 1 in 100,000. For the estimation of carbonyl 
chloride in solution in organic solvents, a quantity of the solution 
contfiining 0*2 — 0*35 gram of carbonyl chloride is added to 150 c.c. 
of the aqueous aniline solution (containing 26 grams of aifiline 
per litre), and after two hours the mixture is heated on a water- 
bath for one hour to drive off the organic solvent. The liquid is 
allowed to cool, and the next day the precipitate of dinhenyl- 
carhamide is collected on a Gooch crucible, dried at 70°, and 
weighed. W. G. 

Estimation of Traces of Carbonyl Chloride in Air. 

Andre “Kling and Rene Schmutz (Compt, rend.^ 1919, 168, 
891 — 893). — Esing the method previously described (preceding 
abstract), the carbonvl chloride may be estimated gravimetrically if 
the weight of diphenylcarbamide exceeds 10 mg. by dissolving the 
precipitate off the filter with alcohol and evaporating the alcoholic 
solution in a weighed platinum crucible at a temperature not 
exceeding 60°, after which the residue is dried at this tempera- 
ture for two hours. Alternatively, a colorimetric method may be 
employed by digesting the precipitate and filter paper with 
sulphuric acid and mercuric sulphate, and proceeding as in the 
ordinary RjeMahl process, the ammonia passing over being 
collected in iV^/250-hydrochloric acid, and finally estimated by 
means of Nessler’s reagent. 
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Analyses of Mixtures of Vapours containing Carbon 
Monoxide, Carbon Dioxide ^ Carbonyl Sulphide and Carbon 
nisulphide a»d similar Mixtures of Gases. Alfkbd Stock 
and PAUt Seelig {Ber,^ 1919, 52, [5], 672 — 680. Compare Stock 
and Kuss, A., 1917, ii, 205). — The processes described depend on 
the difference in the rates with which the various gases or vapours 
are absorbed by alkali. 

Carbon dioxide is immediately absorbed by alkali hydroxides of 
widely differing concentrations. Carbonyl sulphide is absorbed 
by the hydroxides of rubidium, potassium, sodium, and lithium in 
order of decreasing rapidity; with sodium hydroxide, the rate of 
absorption varies with the concentration, being at a minimum 
with a 30% solution; the gas is completely absorbed in about an 
hour. The complete absorption of carbon disulphide vapour by 
aqueous alkali hydroxide requires several days, whilst carbon mnn- 
oxide is not absorbed. 

An alternative method of estimating carbon disulphide in 
<raseous mixtures, which can be rapidly and accurately performed, 
f ousists in saturating a measured volume of the gas with carbon 
disulphide and measuring the increase in volume. 

Two methods are described for the analysis of the mixture. 
( 1 ) A measured volume of the gas is shaken with sodium hydr- 
oxide solution (30%, 1 c,c.5, and the volume read off each minute 
during several minutes (CO.,). Water (4 c.c.) is now added, 'and 
the ?as volume is determined every ten minutes for about an hour 
(COS). Potassium hydroxide (30%, 1 c.c.) is now added, and the 
volume recorded after one, two, three, etc., days (CS^). The 
residue is carbon monoxide, which must he completely absorbed 
by cuprous chloride solution. (2) Carbon dioxide is estimated in 
one ^portion as usual. A second portion is intermittently shaken 
with sodium hydroxide (2 — 3 c.c., 50%); after fifteen to thirty 
minutes, shaking is made continuous, and the volume read off each 
minute until it is constant (CO., + COS). A third portion is shaken 
occasionally with potassium hvdroxide (5%, 2 — 3 c.c.), and the 
volume determined daily until constant (CO|>-f COS-i- CSq), the 
residual carbon monoxide being tested for puritv by means of 
ammoniacal cuprous chloride solution. Alternatively, the residue 
obtained after absorption of CO., and COS may be saturated with 
carbon disulphide and the increase in volume determined. 

The paper also contains a vapour tension-temperature table for 
aqueous sodi^im hvdroxide solutions of differing concentration and 
for carbon disulphide, for w’hich the data given in the literature 
are somewhat discordant. 

Estimation of Alkali in Permane^anate Litruors. Thos. J. T. 
Craig (/. Soc.. €hem. Jnd., 1919. 38, 96— 97t).— The method 
depends on the reaction between permanganate and hvdrogen per- 
oxide, 5 H.O 55 + 21CMnO^ = 2KOH -b 2 MnO., + 4HnO -b 40^. After 
filtration, the all^linity is estimated by titration ; the alkalinity 
due to the permanganate is deducted from the result, and the 
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remainder represents the quantity of free alkali (hydroxide or 
carbonate) in the solution. With manganates, the reaction pro- 
ceeds according to the equation H202-f Na^Mu04 = 2Na0H-i- 
Mn02-f02. In analysing mixtures containing both permanganate 
and manganate, the proportions of these compounds may be found 
by treating a portion of the solution with carbon dioxide or sodium 
hydrogen carbonate to convert the manganate into permanganate, 
31^a2Mn04 + 2CO2*- 2NaMn04 + 2Na2C03 + MnO^ ; the precipitated 
manganese dioxide (which contains manganese equivalent to one- 
third of the manganate) is collected, and its quantity estimated bv 
titration with ferrous sulphate and permanganate solutions. 

W. P. s. 

^ Conditions afiecting the Precise Estimation of Zinc as 
the Sulphide. Harold A. Fales and Gertrude M. Ware 
(7. Amer. Gkem. Soc.^ 1919, 41, 487 — 499) .—The conditions affect- 
ing the quantitative estimation of zinc as sulphide have been 
investigated. It is shown that a hydrion concentration lying 
between 10 and lO-^A is most favourable for the quantitative 
precipitation of zinc sulphide in a form suitable for rapid filtra- 
tion and washing. The concentration of the hydrion may be 
kept within this range by the use of ammonium citrate or a mix- 
ture of ammonium sulphate, ammonium formate, and formic acid. 
The*precipitation of granular zinc sulphide is favoured, not only 
by a concentration of hydrion within the above-mentioned 
limits, but also by a high concentration of an ammonium salt of a 
strong acid, by a concentration of 1 gram of zinc per litre of solu- 
tion, and by a temperature of 95 — 100°. It is desirable that the 
hydrogen sulphide should be passed in under pressure for the pur- 
pose of obtaining rapid saturation and avoiding loss of formic 
acid by evaporation. The authors recommend the following 
method of procedure. The zinc solution, which has been freed 
from cadmium, copper, and other elements likely to be precipi- 
tated, is evanorated to 125 c.c. and treated with ammonium hydr- 
oxide until the precipitate at first formed fails to redissolve, 25 c.c. 
of a citrate solution (200 grams of citric acid per litre of water 
neutralised by 15Wammonia) are added, and the whole solution is 
made neutral to methvl-orange with ammonia. Then 25 c.c. of- 
formic acid mixture (30 c.c. of 15A-aramonium hydroxide, 200 c.c. 
of 13-6Wformic acid and 250 grams of ammonium sulphate m 
1000 C.O. of water) are added, and the whole is made up to 200 c.c. 
The solution is heated to 60° and connected with a hvdrogeu 
sulphide generator, so that air is slowlv exuelled from the flask 
as the heating is continued. At 90 — 100°. the flask exit is closed, 
and the solution as it cools saturated with hydrogen sulphide imder 
increasing pressure. The flask should be shaken frequently 0 
ensure saturation, which is usually complete when the precipita e 
settles rapidly. The precipitate is filtered and washed with a coi 
0-13^-solution of formic acid saturated with hydrogen 
The precipitate is transferred to a weighed porcelain crucible a 



ANALYTICAL CHEMISTRY. 


ii. 247 


the filter paper charred. The completion of the ignition of the 
filter paper should be carried out in an oxidising atmosphere and 
the reaction should proceed so that the sulphide is converted into 
sulphate and not into oxide. After cooling, the precipitate is 
moistened with concentrated sulphuric acid and heated in an air 
bath until the excess of acid is expelled, and then heated over a 
dame to remove any^ charred material. The mass is again 
moistened with sulphuric acid and heated in the air to expel the 
excess of acid, allowed to cool in a desiccator, and weighed. The 
]ast process is repeated until a constant weight is obtained A 
modification of the above process is described which enables zinc 
to he quantitatively separated from iron, manganese, nickel and 
cobalt. The processes described are accurate to one part per 
thousand. J F 

Separation of Lead in Metallic Calcium and ''Lureie” 
Metal. J. Konig (Ckem. Zeit„ 1919, 43, 135).— The meSil is 
dissolved in nitric acid, the solution neutralised with ammonia, 
treated with an excess of bromine-water, then rendered 
ammoniacal, cooled, and filtered. The lead is thus removed com- 
pletely, aud the calciiini may be estimated in the filtrate by pre- 
cipitation as oxalate. In the case of ^^lurgie” metal, barium must 
be separated as sulphate before the calcium is precipitated. rSee, 
further, J. Soc. Chem. Ind., 1919, 370a.] ^ W. P. S. ' 

The Electrolytic Estimation of Mercury without Platinum 
Electrodes. J. Guzman and P. Poch (Anal Fis. Quim ., 1918, 16, 
742 /o5). Estimation in Aiiric Acid Solvtwn. — -A copper cathode 
and a graphite anode are used. The cathode is plated with a 
brilliant deposit of silver from cyanide solution, and is then washed 
.uiccessively in boiling water, alcohol, and ether. The mercury 
.'■olution must he only slightly acid, and in order to preserve the 
anode, the voltage must not exceed three volts. The electrolysis 
is earned out in the cold. By this method, results with a maxi- 
mum error of 0‘3% are obtained- A similar procedure with 
mercuric chloride solution gives results which are less satisfactory. 
Excellent results are obtained with the silvered cathode and a 
fine platinum spiral as anode, aud also with a copper cathode 
plated with copper by electrolysis in copper sulphate solution 
acidified with nitric acid. The presence of the chlorine ion is 
detrimental. The copper cathode may be used seven or eight 
times, but after every analysis the mercury must be removed by 
heating, and the silver with cyanide solution, 

Estim/ition in Ammoniacal Solution . — The anode is of iron which 
has been heated to redness and allowed to cool in the air. A 
voltage of 2’4 volts is employed. The copper cathode is first 
uickel-plated and then covered with a dey.)osit of silver. It is 
found that, after the first analysis, the employment of the same 
cathode, even after re-plating, gives results which are no longer 
quantitative, as the mercury foims a grey powder on washing with 
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alcohol. The same difficulty is found with cathodes on which had 
been deposited protective layers of gold, tin, or bismuth. The only 
cathode which can be used repeat^ly is of copper with a deposit 
of mercury from electrolysis in mercuric nitrate solution, The 
deposit must be polished by brushing after each determination. 
The electrolysis is carried out in mercuric nitrate solution to which 
has been added ammonium nitrate and concentrated ammonia 
solution. The method is accurate within 0'3%. 

Entiviatioii in Alkaline Cyanide Solution , — In this case, the 
cathode is of copper with a brilliant deposit of silver, and the 
anode of iron. Sodium hydroxide solution in excess is added to a 
mercuric nitrate solution, and then just sufficient potassium cyanide 
to dissolve the precipitate formed. This electrolyte is maintained 
at 50° during the electrolysis. Voltage, 2*5 volts. The maximum 
error observed is less than 0*2%. Satisfactory results are obtained 
by this method in presence of the chlorine ion if the iron anode 
is replaced by graphite. The method is applicable to the analysis 
of commercial products containing mercury. 

Esthnation in Alkaline Sidvhide Solution electrolyte is 
prepared by dissolving precipitated mercuric sulphide in sodium 
sulphide solution and adding sodium hydroxide solution. With a 
cathode of amalgamated copper and an anode of iron, the results 
are moderately satisfactory, but the cathode cannot be used for a 
repetition of the analysis even after brushing. The addition of 
potassium cyanide and carbamide to the electrolyte does not lead to 
any marked improvement in the re.snlts. W. S. M. 

Gravimetric and Volumetric Estimation of Mercury 
Precipitated as Mercury Zinc Thiocyanate. Georce S. 
Jamieson (/. Ind. Eng. Chem., 1919, 11, 296— 297).— A solution 
of a mercuric salt or compound (containing about 0'14 gram of 
mercury) is treated with 25 c.c. of a solution containing 39 grams 
of ammonium thiocyanate and 29 grams of zinc sulphate per litre. 
The precipitate of mercury zinc thiocyanate formed is collected, 
washed with a solution prepared by diluting 5 c.c. of the thio- 
cyanate reagent with 450 c.c. of water, dried at 105°, and weighed, 
The weight of the precipitate is multiplied by 0’40258 to obtain 
the quantity of mercury present. The volumetric method consists 
in treating the moist precipitate with 35 c.c. of concentrated hydro- 
chloric acid, 10 c.c. of water, and 7 c.c. of chloroform, and titrating 
the mixture with standardised potassium iodate solution. [See. 
further, J. Soc. Chem.. Ind., 1919, 34U.] W. P. S. 

Estimation of Uranium in Alloy Steels and Ferro 
uranium. G. L. Kelley, F. B. Meyers, and C. B. Illingworth 
(/. Ind. Eng. Ghem., 1919, 11, 316— 317).— The sample is dis 
solved in hydrochloric acid, nitric acid is added, and silica and 
tungstic acid are separated ; the greater part of the ferri 0 _ chloride 
is then removed by extraction with ether, the solution is boile 
with the addition of an excess of sodium carbonate, and filtered. 
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The filtrate, containing the uranium together with molybdenum 
and vanadium, is acidified with sulphuric acid, boiled, rendered 
anunoniacal, and again boiled. Uranium and some vanadium are 
precipitated; the precipitate is heated with ammonium carbonate 
solution, the mixture filtered to remove traces of manganese, iron, 
etc., and the filtrate acidified with sulphuric acid, boiled, and the 
uranium and vanadium reprecipitated by ammonia. The pre- 
cipitate is collected, ignited, and weighed. The small quantity of 
vanadium it contains is estimated by titration with permanganate 
solution after solution in hydrochloric acid, or by oxidation with 
ammonium persulphate and silver nitrate, followed by electrometric 
titration. [See, further, J . Hw, Chtm. lud.^ 1919, June.] 

W. P, S. 

Analysis of Natural Gas and the Calculation and Applica- 
tion of Results. R. P. Anderson (J. Ind, Eng, C/im., 1919, 
11, 299 — 306). — An indicator is described for showing complete 
combustion of the sample when the natural gas is passed slowly 
into oxygen in which an electrically heated platinum spiral is 
glowing; this indicator consists of a narrow glass tube connected 
by means of a T-piece with the rubber tubing connecting the 
combustion pipette with the levelling bulb ; when the gas has been 
passed into the pipette, the tap on the levelling bulb is closed, and 
the contractions of the gases in the pipette are shown by the fall of 
the level of mercury in the narrow tube. When this fall ceases, 
combustion is complete. The combustion pipettes should be made 
of Pyrex glass. Calculation of results of combustions of natural 
gas according to theoretical equations is discussed, and tables of 
correction factors are given. W. P. S. 

Detection of Methyl Alcohol. E. Salkowski {Zeitsch, Nahr, 
1918, 36, 262 — 270). — Tests which depend on the oxida- 
tion of the methyl alcohol by potassium permanganate and on the 
detection of the formaldehyde produced are fairly trustworthy 
ivhen applied to mixtures of methyl alcohol and pure ethyl alcohol, 
since the latter does not yield formaldehyde. Higher alcohols 
(propyl, 25obutyl, and isoamyl), however, yield distinct quantities 
of formaldehyde when oxidised by permanganate; the colorations 
obtained are less intense than those yielded by methyl alcohol, and 
the tests may be used, with due caution, for the detection of 
methyl alcohol in ethyl alcohol. Only small quantities of higher 
alcohols are likely to be present in commercial alcohol, whilst 
alcohol deliberately adulterated with methyl alcohol usually con- 
tains not less than 10% of the latter. [See, further, /. Soc, CUem, 
EhL, 1919, 382a.] W. P. S. 

[A Case of Poisoning by Methyl Alcohol and] a Simple 
Method o! Distinguishing between Methyl Alcohol and 
Absolute Ethyl Alcohol or Spirit. Th. Sabalitschka (Ber. 
pharm. Ges,, 1919, 29, 214--219). — In connexion with a 
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case of poisoning due to the substitution of methyl alcohol for 
ethyl alcohol, the author has elaborated the following method for 
distinguishing between these substances. The specimen (2 c.c.) is 
frequently shaken during ten minutes with powdered crystalline 
copper sulphate (OT gram), and the solution is filtered. The 
filtrate is treated with water (5 c.c.) and ammonia solution (10" 
.3 c.c.) ; with methyl alcohol, a deep blue to blue coloration is 
developed, whilst with ethyl alcohol the solution is only coloured 
a faint, pale blue. The method may also be used to obtain aii 
approximate estimation of methyl alcohol in mixtures of the latter 
with absolute alcohol, providing the content is not less than 20% • 
if this is the case, the specimen must be distilled and the test per- 
formed on the first portion of the distillate. In the presence of 
water, even in small quantities, the process is useless, since the 
solutions of hydrated salts in alcohol are unstable, and the presence 
of water promotes separation of the salt. 

Copper sulphate may also be replaced by crystalline ferrous 
sulphate. In this case, separation of the salt occurs with greater 
readiness, and the sample should only be shaken with the sulphate 
for five minutes. The presence of iron in the filtrate is detected 
by addition of water (5 c.c.) and 2’ 5% potassium ferricyanide solu- 
tion (2 C.C.), the colorations obtained ranging from dark blue with 
methyl alcohol to pale green with ethyl alcohol. H. W. 

Estimation of Ethyl Ether in Blood. J. W. Le Heux (Zeiiack 
physiol. Chem., 1919, 104 , 137 — 140). — The method of Nicloux 
(“Les Anesthesiques Generaux," Paris, 1908) has been modified 
so as to increase the accuracy. Ten c.c. of blood are mixed with 
Go c.c. of a saturated solution of picric acid, and the ethyl ether 
removed by distillation. The ether in the distillate is quantitatively 
oxidised to acetic acid liy chromic acid, and the excess of chromic 
acid determined by the iodometric method. J. C. D. 

A New Method for Estimating small amounts of Di 
chloroethyl Sulphide (Mustard Gas). E. F. Hopkiss 
{J. Pharm. Expt. Ther,, 1919, 12 , 393—403).— See this vol.. 
i, 250. 

Estimation of the DiSerent Constituents of a Mixture 
containing Eugenol, Triacetin, and Benzyl Alcohol. B, 

PERrEROT {Ann. Chim. anal., 1919, [ii], 1 , 112 — 114).— The 
quantity of triacetin is calculated from the saponification number 
of the mixture, whilst the iodine number is a measure of the 
amount of eugeuol present. A portion of the mixture is also 
acetylated in the usual way, and the saponification number of the 
acetylated product is estimated; after deducting the amount due 
to triacetin and acetylated eugenol, the remainder is a measure of 
the acetylated benzyl alcohol, [See, further, J. Soc, Chem. 

1919, 387a.] W. P. S. 

Estimation of Thymol. E. Moles and M. Mabquina {Anal 
FU. Quhn., 1919, 17 , 59— 83).— See this vol., i, 270. 
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Estimation of small Quantities of Acetone, Alcohol, and 
Benzene ill Air. S. Elliott and J. Dalton {Anakj$t, iyi9, 44, 
132—136). — The air under examination is aspirated through four 
absorption cylinders fitted with Folin tubes {J . Biot, Chem,^ 1912, 
11, 493) connected by means of long rubber tubing with siphon 
bottles. For the estimation of acetone, one of the absorption 
vessels is charged with standard iodine and sodium hydroxide solu- 
tions, and the excess of iodine subsequently titrated, as in 
Messinger’s method (A., 1889, 313). No appreciable amount of 
iodoform is formed by the alcohol vapour in the air if the tempera- 
ture is kept low. Alcohol is estimated by Szeberenyi's method 
(A., 1915, ii, 292) of oxidising it to acetic acid by means of a 
inixture of potassium dichromate and dilute sulphuric acid, whilst 
Pfeiffer's method (A., 1904, ii, 786), in which the benzene is 
nitrated by means of a mixture of nitric and sulphuric acids, 
gives trustworthy results. In this case, the fourth absorption 
vessel is charged with sodium hydroxide solution and interposed 
between the acid absorption vessel and the siphons to protect the 
tubing. The minimum and maximum amounts of these substances 
per million c.c. found in the air of factories were: acetone, 0'02 
to 1‘86 grams, whilst the mean amount found was 0'31 gram; 
alcohol, 0*02 to 3'00, with a mean of 0*65 gram; benzene, 0*01 to 
()-90, with a mean of 0'2G gram, [See also J. Noc. Chem. Ind., 
1919, 342a.] ■ C. A. M. 

Application of the Grimhert-Leclere Reaction of opo>Mor 
phine to Alkaloids and Adrenaline. G. Den ices {J. Pharm. 
Bordeaux, 1918, 66, 185; from J, Pharm. Chim., 1919, [vii], ly, 
49). — The reaction described by Grimbert and Leclere (A., 1915, 
ii, 192) is also given by morphine under the following conditions. 
A few mg. of the alkaloid are heated with 2 drops of sulphuric 
acid until a slight brown coloration appears; the mixture is then 
^ diluted with 5 c.c. of saturated sodium acetate solution, 2 drops 
of i% mercuric chloride solution are added, and the mixture is 
boiled. A green coloration is obtained. Catechol, when boiled 
with sodium acetate and mercuric chloride, yields a red dish- violet 
substance, which is soluble in ether, chloroform, and amyl alcohol. 
Adrenaline, treated similarly, but not heated above 50°, gives a 
red coloration; the reaction may be obtained with as little as 
O'Ol mg, of adrenaline. W. P. S. 

Estimation of the Non-Protein Nitrogenous Constituents 
of Milk. W. Denis and A. S. Minot {J. Biol. Ckem., 1919, 37, 
il53— 366). — For the estimation of total non-protein nitrogen in 
cows' milk, the protein and fat are removed by beating in the 
presence of copper sulphate. The filtrate is treated with form- 
aldehyde, which prevents the precipitation of amino-acids as in- 
soluble copper compounds during the subsequent removal of the 
lactose with cupric hydroxide. For the latter process, calcium 
hydroxide is preferred to sodium hydroxide, as any excess of 
calcium may be removed as oxalate. The total nitrogen is 
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estimated by conversion into ammonia with subsequent Nessler- 
isation (Folin and Denis, A., 1916, ii, 573), Slight modifications 
of this method are described for the analysis of human milk. 
Urea in milk may be determined by the urease method (Marshall, 
A., 1913, ii, 640). Ten c.c. of human or 5 c.c. of cow’s milk are 
treated with 2 c.c. of an extract of Jack bean for thirty minutes. 
The ammonia produced is carried over into standard acid by a 
stream of air and estimated by Nesslerisation. 

In the estimation of creatine and creatinine, protein may 
removed by metaphosphoric acid. The presence of lactose, how- 
ever, intensifies the colour reaction with picric acid, and if this 
method is used, equivalent amounts of the sugar should be added 
to the standard solution. It is perhaps better to remove protein, 
fat, and lactose by copper sulphate and calcium hydroxide, and 
to apply the colour reaction to the clear, sugar«free filtrate. 
Amino>nitrogen is determined by the nitrous acid decompositioa 
method of Van Slyke (A., 1912, ii, 1008). Protein must first be 
removed by precipitation with acetic acid and copper acetate. 
For the determination of uric acid, advantage is taken of the 
method described by Morris (A., 1916, ii, 456). The milk is 
treated with acetic acid and zinc acetate solution, and heated on 
the water>bath for fifteen to twenty minutes. After cooling and 
making up to a known volume, it is filtered, and an aliquot part 
of the filtrate treated with zinc acetate and sodium carbonate 
solution. The resulting precipitate is separated by centrifugal- 
isation, washed, treated with acetic acid, and the zinc removed by 
hydrogen sulphide. Uric acid in the concentrated filtrate is 
estimated by the colour reaction with Folin and Denis’s reagent 
(A., 1912, ii, 1011). Estimations of these non-protein nitrogenous 
constituents in cow’s milk and human milk are given. 

J. C. D. 

A Multiple Pipette Holder lor the Distribution of Serum 
for the Complement-fixation Test. Francois. H. Reynolds 
{J. Agric. Ees.y 1918, 15 , 615— 6 18). —The pipette holder consists 
of a brass tube 35 cm. long and 0*94 cm. external diameter, the two 
ends being closed by screws or caps, and having twelve side-tubes 
set in one plane perpendicular to it at equal intervals along it. 
Another tube, to serve as a mouthpiece, is fixed on the opposite 
side to these tubes. The twelve side-tubes, each being^ 0‘6 cm. in 
internal diameter, are lined with rubber tubing, of which the free 
end is folded hack over the mouth of each tube, and into these are 
inserted the graduated pipettes. In this way, twelve lots of serum 
may be withdrawn at once. 






